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s [0001] The invention pertains to the field of computer directed instruments for performing the polymerase chain 

:* ( T r pcR) - More particu,ariy ' ,he invention perfains to aut ° mated ins, « that p c a r P «e 

for T ? m ™Tl Simultaneous, y on ma "y sam P les «*»> « very high degree of precision as to results obtained 
for each sample. This h.gh precision provides the capability, among other things, of performing so-called "quantitative 

10 EX ,i T ° r P ' if t y DNA (De °7 ribose Nucleic Acid > usin 9 ^ PCR process, it is necessary to cycle a specially con- 
r^t 5"? re : ^ 3 PCR Pr ° ,0C0 ' inC ' Udin9 Several different ^erature incubation periods The 

n » n« ri 6 C ° mpr,Sed 0f Various com P°nents such as the DNA to be amplified and at least two primers selected 
in a predetermined way so as to be sufficiently complementary to the sample DNA as to be able to create extension 
products of the DNA to be amplified. The reaction mixture includes various enzymes and/or other reagents as weS as 
Z£ d6 7 rib0nUCle ° 1 S | id <f Phosphates such as dATP, dCTP, dGTP and dTTP. Genera,*, the SeTarl ^oZ 
c eotides which are capable of actmg as a point of initiation of synthesis when placed under conditions in which synthesis 
o a pnmer extension product which is complimentary to a nucleic acid strand is induced, i.e in th presence of nu 
cleohdes and inducing agents such as thermostable DNA polymerase at a suitable temperature Zl pH 

vs^iml^K lym T 6 ° hain R , eaCti ° n (PCR) h3S Pf0Ven 8 P henome " a »y successful technology for genetic anal- 
ysis, largely because ,t .s so simple and requires relative* low cost instrumentation. A key to PCR is the concent of 

ToTnT m9 \ V* 9 StSPS ° f mettin9 DNA ' annea " ng Sh0rt primers ,0 the resultin 9 single strands, and extending 
ZcZ Zk ° t T C °T ° f d ° Ub,e S,randed ° NA - ^™°°y<*»9. PCR reaction mixture is repeatedly 
cycled from high temperatures (>90° C) for melting the DNA, to lover temperatures (40°C to 70»C) forprimer annealina 

Tor, TTT pi 6 '^T™' SySt6m f ° r PerfDmiin9 ,he therma ' C ^ ^ in tbe pASS chain raS 
tion, the Perkin-ElmerCetus DNA Thermal Cycler, was introduced in 1987 

SSl-rSISfS S ° f teChn k ° l09V m ° Vin9 ff0m b3SiC reS6arcn t0 a PP |ica ^ns in which large numbers 

of s,m,.ar amplications are routine* run. These areas include diagnostic research, biopharmaceutical development 

Z w„, Tk enV,ronmenta, tes,in 9- Users in these areas would benefit from a high performance PCR system 

ftat would prov,de the user with high throughput, rapid turn-around time, and reproducible results. Users in these areas 
must be assured of reproducibility from samp.e-to-sample, run-to-run, lab-to-lab. and instrument-to-instrumem 
*Mi. „ eXamP ' PbySiCa ' maPping pr ° CeSS in the Human Genome Pro J' ect ma Y be come greatly simplified by 

local on olT'l " "^K^ STS " 3 Sh ° rt ' UniqUe S6qUenCe easi ^ amplified «* PCR and *hich idenZ a 
iarnZ 0 " the h cbr ° mosoma - Check,n 9 'or s"ch sites to make genome maps requires amplifying large numbers of 
samples ma short time with protocols which can be reproducibly run throughout the world 

orao! ratten lnH nUm f er ° , | PCR . Sam P les increases < ■ become s more importantto integrate amplication with sample 
ZrZrT t P ° S - ampl,,ICat,on ana| y sis - The sa ^P' a vessels must not only allow rapid therma. cycling but ateo 
permit more automated handling for operations such as solvent extractions and centrifugation The vessels should 
work consistently at low volumes, to reduce reagent costs. me vessels should 

\nru2r Ger T" y PCR temperature involves ^ least two incubations at different temperatures. One of these 

incubations ,s for pnmer hybridization and a catalyzed primer extension reaction. The other incubation is for denaLr- 

TzZ and e^n IT* """f? e * enSi ° n ^ SM ,em P lates tor usa in *. next hyo 

l»Zr T at '° n ' mefVal - The d6tailS ° f ,he P°' v ™ ase Cain reaction, the temperature cycling and 

arelscnb^ rrT ary /° r PCR 35 We " 95 V " te " re39entS and en2Vmes necessar V * Wfbrtn t£ reaction 
Darf^^^anri th^ Dr^a^^ 4,683,202, 4,683, 1 95. EPO Publication 258,01 7 and 4,889,818 (Taq polymerase enzyme 

K The . P " fp0Se 01 a Phrase chain reaction is to manufacture a large volume of DNA which is identical to an 

e co'piesTo aTrl I T" "•^ T' ^ ™ n ^ ^ ^ *™* S ° f the DNA ™« *en I g 

of DNA Dresennhprph T** " SUbSeqUem CyC,eS ' 6ach ** wi » doub,e the a ^""t 

of DNA present thereby resulting ,n a geometric progression in the volume of copies of the "target" or "seed" DNA 

strands present in the reaction mixture. S 

tToLura^nS TZT^JT* requires that the reac,ion mixture be held accura,elv at each incubation 

ZZrZ Zl , PK , 6 8nd th3t iden,i0a ' Cyde ° r 8 Similar C y cle be re P eated man y «™s. A typical PCR 
temneratut ^ * ' ^T* tempM °' 94 ° C held for 30 seconds to denature the reaction mixture^hen, the 

J°i T m,XtUre " '° Wered ,0 37 ° C and h6ld f ° r ° ne minUte t0 Permrt Primer Next, 
he temperature of the reaction m.xture is raised to a temperture in the range from 50°C to 72°C where it is held for 

b7raTsTn^ S el P Zr te ^ °' eM '° n ^ 006 Cyde - ^ next PCR ^ tbe n starts 

in ,ZZ 9 P f T e reaC, '° n m,XtUre ,0 94 ° C again ,or strand separation of the extension products formed 

in the prev.ous cycle (denaturation). Typically, the cycle is repeated 25 to 30 times 
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[0010] Generally, it is desirable to change the sample temperature to the next temperature in the cycle as rapidly as 
possible for several reasons. First, the chemical reaction has an optimum temperature for each of its stages. Thus, 
less time spent at nonoptimum temperatures means a better chemical result is achieved. Another reason is that a 
minimum time for holding the reaction mixture at each incubation temperature is required after each said incubation 
5 temperature is reached. These minimum incubation times establish the "floor or minimum time it takes to complete a 
cycle. Any time transitioning between sample incubation temperatures is time which is added to this minimum cycle 
time. Since the number of cycles is fairly large, this additional time unnecessarily lengthens the total time needed to 
complete the amplification. 

[001 1] In some prior automated PCR instruments, the reaction mixture was stored in a disposable plastic tube which 

w is closed with a cap. A typical sample volume for such tubes was approximately 1 00 microliters. Typically, such instru- 
ments used many such tubes filled with sample DNA and reaction mixture inserted into holes called sample wells in a 
metal block To perform the PCR process, the temperature of the metal block was controlled according to prescribed 
temperatures and times specified by the user in a PCR protocol file. A computer and associated electronics then 
controlled the temperature of the metal block in accordance with the user supplied data in the PCR protocol file defining 

is the times temperatures and number of cycles, etc. As the metal block changed temperature, the samples .n the various 
tubes followed with similar changes in temperature. However, in these prior art instruments not all samples experienced 
exactly the same temperature cycle. In these prior art PCR instruments, errors in sample temperature were generated 
by nonuniforms of temperature from place to place within the metal sample block, i.e., temperature gradients existed 
within the metal of the block thereby causing some samples to have different temperatures than other samples at 

20 particular times in the cycle. Further, there were delays in transferring heat from the sample block to the sample, but 
the delays were not the same for all samples. To perform the PCR process successfully and efficiently, and to enable 
so called "quantitative" PCR, these time delays and temperature errors must be minimized to a great extent. 
[0012] The problems of minimizing time delays for heat transfer to and from the sample liquid and minimizing tem- 
perature errors due to temperature gradients or nonuniformity in temperature at various points on the metal block 

25 become particularly acute when the size of the region containing samples becomes large. It is a highly desirable attnbute 
for a PCR instrument to have a metal block which is large enough to accommodate 96 sample tubes arranged in the 
. format of an industry standard microtiter plate. 
[0013] The microtiter plate is a widely used means for handling, processing and analyzing large numbers of small 
samples in the biochemistry and biotechnology fields. Typically, a microtiter plate is a tray which is 3 5/8 inches wide 

30 and 5 inches long and contains-96 identical sample wells in an 8 well by 12 well rectangular array on 9 millimeter 
centers. Although microtiter plates are available in a wide variety of materials, shapes and volumes of the sample wells, 
which are optimized for many different uses, all microtiter plates have the same overall outs.de dimensions and the 
same 8x12 array of wells on 9 millimeter centers. A wide variety of equipment is available for automating the handling, 
processing and analyzing of samples in this standard microtiter plate format. 

35 [001 4] Generally microtiter plates are made of injection molded or vacuum formed plastic and are inexpensive and 
considered disposable. Disposability is a highly desirable characteristic because of the legal liability arising out of cross 
contamination and the difficulty of washing and drying microtiter plates after use. 

[001 5] It is therefore a highly desirable characteristic for a PCR instrument to be able to perform the PCR reaction 
on up to 96 samples simultaneously said samples being ananged in a microtiter plate format. 

40 [0016] Of course, the size of the metal block which is necessary to heat and cool 96 samples in an 8 x 1 2 well array 
on 9 millimeter centers is fairly large. This large area block creates multiple challenging engineering problems for the 
design of a PCR instrument which is capable of heating and cooling such a block very rapidly in a temperature range 
generally from 0 to 1 00°C with very little tolerance for temperature variations between samples. These problems arise 
from several sources. First, the large thermal mass of the block makes it difficult to move the block temperature up 

45 and down in the operating range with great rapidity. Second, the need to attach the block to various external devices 
such as manifolds for supply and withdrawal of cooling liquid, block support attachment points, and associated other 
peripheral equipment creates the potential for temperature gradients to exist across the block which exceed tolerable 
limits. 

[001 7] There are also numerous other conflicts between the requirements in the design of a thermal cycling system 
so for automated performance of the PCR reaction or other reactions requiring rapid, accurate temperature cycling of a 
large number of samples. For example, to change the temperature of a metal block rapidly, a large amount of heat 
must be added to, or removed from the sample block in a short period of time. Heat can be added from electncal 
resistance heaters or by flowing a heated fluid in contact with the block. Heat can be removed rapidly by flowing a 
chilled fluid in contact with the block. However, it is seemingly impossible to add or remove large amounts of heat 
55 rapidly in a metal block by these means without causing large differences in temperature from place to place in the 
block thereby forming temperature gradients which can result in nonuniformity of temperature among the samples. 
[001 8] Even after the process of addition or removal of heat is terminated, temperature gradients can persist for a 
time roughly proportional to the square of the distance that the heat stored in various points in the block must travel to 
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cooler regions to eliminate the temperature gradient. Thus, as a metal block is made larger to accommodate more 
samples, the time it takes for temperature gradients existing in the block to decay after a temperature change causes 
temperature gradients which extend across the largest dimensions of the block can become markedly longer This 
makes it increasingly difficult to cycle the temperature of the sample block rapidly while maintaining accurate temper- 
ature uniformity among all the samples. 

[0019] Because of the time required for temperature gradients to dissipate, an important need has arisen in the 
design of a high performance PCR instrument to prevent the creation of temperature gradients that extend over large 
distances in the block. Another need is to avoid, as much as possible, the requirement for heat to travel across me- 
chanical boundaries between metal parts or other peripheral equipment attached to the block. It is difficult to join metal 
parts in a way that insures uniformly high thermal conductance everywhere across the joint. Nonuniformities of thermal 
conductance will generate unwanted temperature gradients. The present invention provides a system for controlling 
an apparatus for automated performance of polymerase chain reactions in at least one sample tube containing a known 
volume of a liquid sample mixture, comprising: 

(a) a sample block having at least one well for said at least one sample tube, 

(b) a computing apparatus, 

(c) heating and cooling means controlled by said computing apparatus for changing the temperature of said sample 
block, and 

(d) a block temperature sensor thermally coupled to said sample block, said sensor providing to said computing 
apparatus the temperature of said sample block over time, 

said computing apparatus including means for determining the temperature of said liquid sample mixture as a function 
of the temperature of said sample block over time, wherein said computing apparatus comprises means for storing 
one or more values related to a first thermal time constant, optionally between approximately 5 and 14 seconds, cor- 
responding to said sample tubes and said volume of said sample mixture, and storage for a second thermaltime 
constant corresponding to said block temperature sensor. 

[0020] Preferably, said means for determining the sample temperature as a function of the temperature of said sample 
block over time includes means for determining the sample temperature as a function of said first and second thermal 
time constants. 

[0021] Optionally, wherein said computing apparatus determines said sample temperature in a current sample in- 
terval at a current time n as: 

T samp n = T samp n . 1 + ( T B n - """samp^) * interval/* 0 

where T samp n is equal to the sample temperature at time n, Tsampn.., is equal to the sample temperature at an imme- 
diately preceding sample interval having occurred at time n-1 , T B n is equal to the block temperature at time n. t interval 
is a time in seconds between sample intervals, and tau is said first thermal time constant minus said second thermal 
time constant. 

[0022] Preferably, said system further includes an input device for receiving user defined setpoints, optionally target 
sample temperatures, defining a hold timeAemperature profile, wherein said computing apparatus includes means for 
controlling said heating and cooling means as a function of said user defined setpoints and said sample temperature. 
[0023] References to sample tubes herein include : for example, thin walled sample tubes for decreasing the delay 
between changes in sample temperature of the sample block and corresponding changes in temperature of the reaction 
mixture. The tubes may have a thin walled conical section that fits into a matching conical recess in a sample block 
Typically, cones with 1 7° angles relative to the longitudinal axis maybe used to prevent jamming of the tubes into the 
sample block, but to allow snug fit. Other shapes and angles would also suffice. 

[0024] A sample block of the system is preferably comprised of a central region containing in an upper surface an 
array of sample wells for holding said sample tubes, an end edge region comprising two end edges at opposite ends 
of said block which are in thermal contact with ambient, and a manifold region comprising two manifold edges at 
opposite sides of said block, wherein each said manifold edge is thermally coupled to a manifold. 
[0025] Preferably the heating means provided by the invention is a heater having a central heating zone thermally 
coupled to said central region, an end edge heating zone thermally coupled to said edge region, and a manifold heating 
zone thermally coupled to said manifold region. 

[0026] Preferably computing apparatus is provided which determines a first power to be applied to said heating zones 
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in said current sample interval by: 

(a) determining a theoretical second power representing the total power to apply to said block in said current 
sample interval without accounting for power losses, 

5 

(b) dividing said theoretical second power into theoretical powers to be applied to each said individual zone in said 
current sample interval, 

(c) determining power losses by said regions in said current sample interval, and 

10 

(d) determining an actual third power to be applied to each said individual zone in said current sample interval, 
said third power accounting tor power losses by said regions. 

Other than sample blocks, the apparatus may employ other heat exchangers such as liquid baths, ovens, etc. However, 
15 the wall thickness of the section of the sample tube which is in contact with whatever heat exchanger is being used 

should be as thin as possible so long as it is sufficiently strong to withstand the thermal stresses of PCR cycling and 

the stresses of normal use. Typically, the sample tubes are made of autoclavable polypropylene such as Himont PD701 

with a wall thickness of the conical section in the range from 0.009 to 0.012 inches plus or minus 0.001 inches. Most 

preferably, the wall thickness is 0.01 2 inches. 
20 [0027] The sample tube also may have a thicker walled cylindrical section which joins with the conical section. This 

conical section provides containment for the original reaction mixture or reagents which may be added after PCR 

processing 

[0028] The sample tube shown in Figure 50 has industry standard configuration except for the thin walls for compat- 
ibility in other PCR systems. The sample tube of Figure 1 5 is a shortertube which can be used with the system disclosed 
25 herein. 

[0029] References to apparatus for achieving very accurate temperature control for a very large number of samples 
arranged in the microtiter plate format during the performance of very rapid temperature cycling PCR protocols herein 
include a sample block, sample tubes and supporting mounting, heating and cooling apparatus, control electronics 
and software, a novel user interface and a novel method of using said apparatus to perform the PCR protocol. 

30 [0030] The instrument described herein is designed to do PCR gene amplification on up to 96 samples with very 
tight tolerances of temperature control across the universe of samples. This means that all samples go up and down 
in temperature simultaneously with very little difference in temperature between different wells containing different 
samples, this being true throughout the polymerase chain reaction cycle. The instrument described herein is also 
capable of very tight control of the reaction mixture concentration through control of the evaporation and condensation 

35 processes in each sample well. Further the instrument described herein is capable of processing up to 96 samples of 
100 microliters each from different donor sources with substantially no cross-contamination between sample wells. 
[0031] Advantageously, the systems and methods of the invention permit heating and cooling of an aluminum sample 
block to thermally cycle samples in the standard 96-well microtiter plate format with the result that excellent sample- 
to-sample uniformity exists despite rapid thermal cycling rates, noncpntrolled varying ambient temperatures and var- 

40 jations in other operating conditions such as power line voltage and coolant temperatures. 

[0032] One of the user defined setpoints of the invention is optionally the target sample temperature after ramping 
said sample temperature at said preselected ramp rate, and wherein said computing apparatus includes means for 
determining said theoretical second power to be applied to all said zones : including: 

45 (a) means for determining a total fourth power to all heating zones to achieve said preselected ramp rate, 

(b) means for determining said temperature of the sample block in said current sample interval as a function of 
- said fourth power, 

so ( C ) means for determining said sample temperature in said current sample interval, 

(d) means for determining a fraction of the difference between the target sample temperature after ramping and 
the sample temperature in said immediately preceding sample interval to be made up in said current sample in- 
terval, and 

55 

(e) means for determining said theoretical second power to make up said fraction in said current sample interval. 
[0033] Optionally said system additionally comprises bias cooling constantly applied to said sample block, wherein 
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said computing apparatus includes means for determining a total fourth power to ail heating zones to achieve a desired 
ramp rate according to: 



Power = CP/ramp_rate + bias 

where Power is said total power to all heating zones to achieve a desired ramp rate, CP equals the thermal mass of 
said block, bias is the cooling power of said bias cooling and ramp_rate is the difference between the target sample 
temperature after ramping and the sample temperature at the commencement of ramping divided by a preselected 
ramp rate. 
[0034] Preferably, 



(I) the computing apparatus determines said temperature of said sample block in said current sample interval 
according to: 



T B n = T B n -i+ Rower * (t intervaI /CP) 



where T B n _, is equal to the temperature of the block at time n-1, is the time in seconds between sample 

intervals, preferably approximately 0.2, CP is equal to a thermal mass of said block, and Power is said fourth 
power, and/or 

(II) the computing apparatus determines said theoretical second power to make up said fraction in said current 
sample interval as a function of 

^interval* « sp ' T sam Pn V * P ^interval 

where Pwr equals said theoretical second power to be applied to make up said fraction in said current sample interval, 
CP is equal to a thermal mass of said block, SP equals said target sample temperature after ramping : and F is said 
fraction of the difference between said target temperature after ramping and said sample temperature to be made up 
in said current sample interval. 

[0035] The preferred known volume of liquid sample mixture is in the range of approximately 20-100 microliters. 
[0036] The computing apparatus preferably adjusts said theoretical second power 

(a) to make up said fraction in said current sample interval when said sample temperature in said immediately 
preceding sample interval is within an integral band, preferably approximately +/- 0.5°C, of said target sample 
temperature after ramping, in order to close out remaining error, or 

(b) to make up said fraction in said current sample interval by adding thereto a power adjustment term, to account 
for power which, because of physical limitations, was not delivered in previous sample intervals, given by: 



pvr_adj « Jci ♦ int_sum 
n 



where pwr_adj equals said power adjustment term, int_sum n is a value of an accumulating integral term at time 
n, int_sum n . t is a value of said accumulating integral term at time n-1 , SP equals said target sample temperature 
after ramping, T samp n . 1 equals the temperature of the sample at time^ , and ki equals an integral gain constant, 
preferably approximately 512. 

[0037] Alternatively, the computing apparatus may divide said theoretical second power into the theoretical power 
to be applied to each said individual zone in proportion to the relative areas of said zones. 
[0038] Preferably, the computing apparatus determines power losses by: 
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(a) determining power lost to a foam backing on said sample block in said current sample interval, preferably 
(I) (i) determining temperature of said foam backing in said current sample interval, T (oam , preferably according 

to: 

T foam n ^foam,,., + ( T b n ^foam^) * 'interval / teu2 

where Tfoam is equal to the temperature of the foam at time n, Tfoam n ., is equal to the foam *W*>»* • «J 
le n-1 and tau2 is said thermal time constant of said foam backing, preferably ap P rox,mately 30 seconds 
and preferably t Werva i is approximately 0.2. 

(ii) determining the block temperature in said current sample interval, and 

(iii) determining said power lost to said foam backing as a function cf said temperature of said foam backing 
iai™nt sample interval, said temperature of said block in said current sample mterva and a ^thermal 

lime constant of said foam backing; optionally wherein said computing apparatus determ.nes sa,d temperature 
of said sample block in said current sample interval according to: 

20 T B ^ =t b ^ * < l i nterval/ CP) 

where t B , is equal to the temperature of the block at time n-1 , W^va, is the time in seconds Samp ' e 
SerlJ ^CP is e'qua, t0 the thermal mass of said block, and Fewer is a total fourth power to all heating zones 

25 to achieve said preselected ramp rate, 

(b) determining power lost to said manifolds in said current sample interval, and 

(c) determining power lost in said end edge region to ambient in said current sample interval. 

The computing apparatus preferably determines the power lost to said foam backing as a function of said temperature 
of said foam backing according to: 

foam -P" r = c ' (r B n ' T foam n ) 

where foam-pwr is said power lost to said foam backing at time n, Tfoam n is equal to the temperature of the foam at 

So saiJ sample block, wherein said computing apparatus determines the power lost to said mamfolds ,n sa.d current 
sample interval according to: 

manifoWJoss = KA(r R T ) + KC(T _ T ) + TM (dT/dt) 
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where manifoidjoss equals said power lost to said manifolds in said current sam e i merval, KA 
edge region-to-ambient conductance constant, T A n equals the ambient temperature at the time n , C ejals a tern 
perature of said bias coolant at time n, KC equals a sample block-to-coolant conductance constant, TM equals 
thermal mass of said manifolds and dT/dt equals said preselected ramp rata 

[0040] The systems and methods of the invention permit control of the PGR "^f^^^^SSS 
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EL,!",' ■ pparM " s ,''" »•*»»*>« automated pelym.sase chain s.aclions ma, include an enclcm lorsaid ,tm- 

ambienUoss=K2A(T -T. ) + K2C (T D -T 0 ) + 
TM2(dTVdt) 

whsr. .mblenl tecs Is said peer leel te seid ample™ in said current sample intav.l, K2A equal, an end «»a rednn 



central_pwr = pwr * cper 



manifold_pwr = pwr * mper + manifoldjoss 



edge_pwr = pwr * eper + ambientjoss 



^tZriT t , ? tiCa ' P ° Wer ' manif0,d -'° ss * Power lost to said manifolds in said current sample 

interval, amb.ent Joss equals a power lost in said edge region to said ambient in said current samote nteTal 

iz^::::T b :z:?< be ttj? cemrai heating zone in said ^ w-^irs 

to h!ln?!rf ? T Sa ' d man ' f0ld Heatin9 20ne in said current sam P |e 'nterval. edge pwr equals a power 
n ° 96 heatin9 2006 S3id CUrrent Sample interval - e 1 uals faction of sample block aZ 

llof n re9 '° n ' mPer 6qUalS fraC,i0n ° f Sample block area in said •nanifo.d region, and eper equals f Son of 

[0043] The sample block may contain multiple transverse bias cooling channels alternating with multiple transverse 
ranToool,n g channels,saidbias a ndrampcoolingchan„elsbeing parallel to said uppar«.rfl^JaS^TZ 
compns.ng means for constantly pumping chilled coolant through said bias cooling channete and 2 ™ 

252 a f C r PUtm9 aPParatUS f ° r Sel6Ctive| y pum P in 9 ohilled c -'ant through said ramp cooling channel 

SZLZTT* C ° mPUtin9 aPParatUS dete ™ neS 8 thSOretiCal C00lin 9 power t0 be applied o scSd bloct more 
preferably sa,d compufng apparatus includes means for determining said cooling power, including 

(a) means for determining a total fifth power to said block to achieve a desired downward ramp rate, 

2dT ft h n power ermining ^ temP8ra,Ure ° f SamP ' e b '° Ck in S9id CUrrenl Samp,e inte ' Va, aS 3 func,i °" ° f 
(c) means for determining said sample temperature in said current sample interval, 

{ 2TZT e tZT! n9 3 fra t Cti0n ° f differenCe b8,Ween the tar9et Samp,e temperature after ramping down- 
ZZZX££^ PeratUre " Sa ' d imrnedia,ely PreCedin9 Sample interval t0 be mad * "P h -id current 

(e) means for determining said theoretical cooling power to make up said fraction in said current sample interval. 
Optionally, the system 
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(A) additionally comprises bias cooling constantly applied to said sample block, wherein said computing apparatus 
Sudesmeansfordete^ 

Power = CP/ramp_rate + bias 

5 

where Power is said total power to said block to achieve a desired ramp rate, CP equals the thermal mass of said 
block bias is the cooling power of said bias cooling and ramp_rate is the difference between the target sample 
^perature after ramping and the sample temperature at the commencement of ramping divided by a preselected 

^Preferably the computing apparatus determines said theoretical cooling power to make up said fraction in said 
current sample interval as a function of 



^interval « ^samp^ ) " F * '""interval 
+ T samp n .., - T B n ) 

where Pwr equals said theoretical cooling power to be applied to make up said fraction in said currenl I sample 
Tnterla. CP is equal to a thermal mass of said block, SP equals said target sample temperature atten ramp 
Indns said fracL of the difference between said target temperature after ramping and sa.d sample temperature 
to be made ud in said current sample interval, 

more preferably said computing apparatus determines a power lost to said manifolds in sa.d current sample interval, 
according to: 

manifo!d_bss = KA(T R -T ) + KC(T -T + TM(rfT/dt) 

where manifold loss equals said power lost to said manifolds in said current sample '^^'^^ 
edge region-to-ambient conductance constant, ta„ equals the amb,ent temperature a 

temperature of said bias coolant at time n, KC equals a sample block-to-coolant conductance constant, TM equals 
the thermal mass of said manifolds and dT/dt equals said preselected ramp rate, and/or 

(B) includes an enclosure for said sample block defining an enclosed ambient atmosphere and said computing 
apparatus determines a power lost to ambient in said current sample interval according to: 

ambfenU°ss = K2A(T R - T. ) + K2C fT- -T" c ) + 
TM2(dT/dl) 

where ambient loss is said power lost to said ambient in said current sample interval, K2A equals an end edge 
^ ambient conductance constant, T A n equals ambient temperature at time n K2C equals an end ed e 
region-to-coolant constant, TC n equals the coolant temperature at time n, TM2 equals thethermal mass of sa.d 
enclosed ambient atmosphere, and dT/dt equals said preselected ramp rate. 

[0045] Preferably, the computing apparatus includes valve means for opening said channels for cooling said block 
at said current sample interval, comprising means for: 

so (a) means for determining that ramp direction is downward, 

(b) means for determining an intermediate power value by subtracting values for power lost to said manifolds and 
said ambient from said theoretical cooling power, 

(c) means for determining a cooling breakpoint as a function of said block temperature and a temperature of said 
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(d) means for determining if said, ramp cooling channels shall be opened as a function of said intermediate power 
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and said cooling breakpoint, 

Jntl^Tn bre !f ° int maybe a ,unction °< the Terence between said block temperature at said current sample 
interval and said temperature of said coo.ant fluid at said current sample interval, and preferably said ramp cZnq 
channels w ,ll be open if said intermediate power is less than said cooling breakpoint 9 
[004G] The controlling of the heating and cooling means as a function of said user defined set points may constitute 
running said profile as a profile run, preferably P V constl,u,e 

(A) said computing apparatus further comprises 

(a) means for allowing users to invoke said profile runs and/or 

(b) means for linking multiple profiles in any order to form a protocol, said protocol defining a sequence of said 
profiles to be run, wherein invoking said sequence of profiles to be run constitutes running said protocol as a 
protocol run, and/or 

(c) means for linking a single profile a plurality of times in a single protocol, and/or 

(d) means for storing a plurality of protocols, and/or 

(e) means for including any said profile in a plurality of said protocols, and/or 

(f) means for protecting a profile included in any protocol from being deleted or overwritten, and/or 

SiI^'T' de ™ e . ,Ufther c ° m Prises rneans f°r receiving a user defined cycle count for each said profile, said 
cycle count constituting the number of times said profile will be run when it is invoked, and/or 

£™l7l efT1 ,urt , hercom P risin 9 a means to determine that electrical power to operate said apparatus went off 
dunng a sa.d run of a sa.d profile, preferably further comprising a means to report the length of said electrical 

ca y starting a soak upon restoration of said electrical power, said soak being at a temperature selected to max- 
.m. 2 e the chance of sav.ng said samples, optionally said temperature being 4°C, and/or 

Mno^nT^T inC '! JdeS meanS f ° r automatical| y increasin 9 and/or decreasing the hold time of any or all 

ncreSo El2S£T "? ^ ^ PMtV ° f said means for automatically 

.ncreasmg the ho d t.me of any or all setpo.nts from cycle to cycle is selectable as a user level option via said input 
dev ce, more preferably wherein said automatic increases in the ho.d time of any or all setpoints from cycle to 

based on said first and/or second user defined values, and/or Y 

ofanv orS e Zl Urth , e V nClUdeS , meanS ' 0r aU,0maticall V increasin 9 decreasing the setpoint temperature 

tT^lll ? " 9 , 3 decreasi "9 *• ««tpoint temperature of any or all setpoints from cycle to cycle is 

fn hf t ♦ ♦ eVG ' ° Pt,0n V ' a S9id inpUt deViCe " more P re,erab, y said aromatic increases and/or decreases 
n the setpomt temperature of any or all setpoints from cycle to cycle are by third and/or fourth user defined values 

S S Vl anX inPUt deViCe ^ 9e0melriCa,l V or *— on said third and/or fourth user £Z 

i?nnH d ^ Stem * Urt , her ^ mprises a P r °grammed pause option means to automatically halt a run for a user defined 

setoolts IT' 6 t ? Wh6rein Said PaUSe ° Pti ° n meanS C ° mprises means to nalt said ™ a fter any or all 
setpomt. are complete, dunng any or all cycles and after any or all of the profiles in a protocol are run, and/or 

cSuit" oTetrThiv?^ inC ' Ude f f ° r ad,UStin9 tem P erature sensor raa ^9s to account for drift in analog 

deterSn^ 

(a) measuring one or more test voltages under controlled conditions, 
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(b) reading said voltages at the start of each run to measure electronic drift. 
The present invention may further comprise 

(a) a means to allow a user to define, via said input device, a temperature range such that said setpoint hold time 
will begin when said sample temperature is within said temperature range of said setpoint temperature, or 

(b) an input device for receiving a tube type and a reaction volume, and wherein said computing apparatus deter- 
mines said thermal time constant for said reaction tube as a function of said tube type and said reaction volume. 

The present invention may further comprise 

(a) a means for performing diagnostic checks of said heating means, preferably wherein said checks comprise 
one or more heater ping tests, block thermal capacity tests , ramp cooling conductance tests, sensor lag tests, and/ 
or. 

(b) a means for performing diagnostic checks of said cooling means, preferably wherein said checks comprise 
oneormorecontrolcoolingconductancetests,blockthermalcapacitytests,chillertests,rampcoolingconductance 

tests, sensor lag tests, coolant capacity tests, and/or 

(c) a means for performing hardware diagnostics on user demand and/or automatically upon system startup, pref- 
erably wherein said hardware diagnostics include tests of one or more of a Programmable Peripheral Interface 
device Battery RAM device, Battery RAM checksum, EPROM devices, Programmable Interface Timer devices, 
Clock/Calendar device, programmable Interrupt Controller device, Analog to Digital Section, RS-232 Section Dis- 
play Section, Keyboard Beeper, Ramp Cooling Values, EPROM mismatch, Firmware version level, Battery RAM 
Checksum and Initialization, Autostart Program Flag, Clear Calibration Flag, Heated Cover heater and control 
circuitry, Edge heater and control circuitry, Manifold heater and control circuitry, Central heater and control circuitry, 
Sample block thermal cutoff, Heated cover thermal cutoff. 

The computing apparatus of the system preferably, comprises a means to display, during a run, 

(a) the approximate amount of time left in the run of a profile and/or all of the profiles left to be run in a running 
protocol, or 

(b) the sample temperature at any given time in the run. 
The present invention may further comprise 

(A) a means tor determining, for a given setpoint, a first difference between said sample temperature at the end 
of said setpoint hold time and said setpoint sample temperature of said setpoint, optionally wherein 

(a) said input device further comprises a means for receiving a user defined temperature differential, and/or 

(b) said computing apparatus comprises means to report an error if said user defined temperature differential 
is greater than said first difference, and/or 

(B) means to configure the temperature the apparatus will return to during any idle state, and/or 

(C) means to check that said setpoint sample temperature is reached within a predetermined amount of time. 

The computing apparatus may maintain a history file of an immediately previous run containing details of said previous 
run intended for integrity checks and error analysis, and/or further comprises 

(a) means to check that the said automatically modified setpoint sample temperature has not exceeded 100°C 
and/or has not gone below 0°C, and/or 

(b) a means to check that said automatically modified setpoint hold time is not negative, and/or 
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(c) means for printing information stored in said system, preferably wherein said information includes at least one 
of: contents of a profile, contents of a protocol, listing of created profiles, listing of created protocols, configuration 
parameters, system calibration parameters. 

The present invention may further comprise 

(a) means to continually monitor said block sensor and to invoke an abort procedure if said sensor readings are 
above a maximum desirable temperature for said block by a predetermined number of degrees a predetermined 
number of times, preferably wherein said abort procedure includes one or more of aborting the running profile, 
flagging the error in a history file, displaying message alerts to a user, disabling said heaters, 

(b) the ability to perform all available user interface functions remotely, or 

(c) means to display a menu driven user interface to reduce user reliance on written manuals. 

In another aspect, the present invention provides a method for computer control of the automated performance of 
polymerase chain reactions in at least one sample tube containing a known volume of liquid sample mixture by means 
of a computer-controlled thermocycler including a computing apparatus, a sample block having at least one well for 
said at least one sample tube, a block temperature sensor thermally coupled to said sample block, and heating and 
cooling means controlled by said computing apparatus for changing the temperature of said sample block, comprising 
the steps by said computing apparatus of: 

(a) reading the block temperature at predetermined times, 

(b) determining the temperature of said liquid sample mixture as a function of the temperature of said sample block 
over time : wherein said step of determining comprises the steps of: 

(i) determining a first thermal time constant for said at least one sample tube and said volume of liquid sample 
mixture, 

(ii) determining a second thermal time constant for said block temperature sensor, and 

(iii) determining the sample temperature in a current sample interval at a current time n according to the formula 

T samp n = T samp n . 1 + ( T B n - ^amp^) * 'interval/ 3 " 

where T samp n is equal to the sample temperature at time n, T samp n _ 1 is equal to the sample temperature at 
an immediately preceding sample interval having occurred at time n-1 , T B n is equal to the block temperature 
at time n, t interval is a time in seconds between sample intervals, and tau is said first thermal time constant 
minus said second thermal time constant, optionally wherein said sample block comprises a central region 
containing said at least one well, an end edge region in thermal contact with ambient and a manifold region 
thermally coupled to at least one manifold, wherein said heating means includes a zone for each of said 
regions, and wherein the step of controlling said heating means comprises the steps of: 

(iv) determining a theoretical second power representing the total power to apply to said block in a current 
sample interval at a current time n without accounting for power losses, 

(v) dividing said theoretical second power into theoretical powers, one to be applied to each of said heating 
zones, s 

(vi) determining power losses* by said regions in said current sample interval, and 

(vii) determining an actual third power for each of said zones in said current sample interval to account for 
power loss by each said zone, and optionally wherein said thermocycler additionally includes bias cooling 
constantly applied to said sample block, wherein said computer-controlled cooling means comprises selec- 
tively operable ramp cooling means for selectively delivering a cooling fluid to said sample block, and wherein 
the step of controlling said selectively operable ramp cooling means includes the steps of: 
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(viii) determining that sample temperature ramp direction is downward, 

(ix) determining the temperature ot said cooling fluid, 

(x) determining as a function of said sample temperature a total cooling power to apply to said block in said 
current sample interval without accounting for power losses: 

(xi) determining an intermediate cooling power by subtracting power loss to said at least one manifold and to 
ambient from said total cooling power, 

(xii) determining a cooling breakpoint as a function of the difference between the block temperature and the 
temperature of said cooling fluid in the current sample interval, and 

(xiii) selectively operating said ramp cooling means as a function of the difference between said intermediate 
cooling power and said cooling breakpoint, and 

(c) controlling said heating and cooling means as a function of said sample temperature. 

[0047] The PCR instrument in accordance with the invention advantageously reduces cycle times by a factor of 2 or 
Soreandlowe* reagent cost by accommodating PGR volumes down to 20.x. but rema,nscom P at,b.ew,th the mdustry 

standard 0.5 ml microcentrifuge tube. 
Brief Description of the Drawings 
[0048] 

Figure 1 is a block diagram of the thermal cycler according to the teachings of the invention. 
Figure 2 is a plan view of a sample block according to the teachings of the invention. 
Figure 3 is a side, elevation view of the sample block showing the bias and ramp cooling channels. 
Figures 4 and 5 are end, elevation views of the sample block. 

Figure 6 is a sectional view of the sample block taken along section line 6-6' in Figure 2. 
Figure 7 is a sectional view of the sample block taken along section line 7-7' in Figure 2. 
Figure B is a sectional view of the sample block taken along section hne 8-8' in F.gure 2. 
Figure 9 is a cross-sectional, elevation view of the sample block structure after assembly with the three-zone f.lm 

Rgut SsT^Xwer line voltage illustrating the form of power control to the three-zone film heater. 
Figure 11 is a temperature graph showing a typical three incubation temperature PCR protocol. 
Figure 12 is a cross-sectional view of the sample block illustrating the local zone concept. 
Fiqure 13 is a plan view of the three-zone heater. 

Figure 14 is a graph of sample temperature versus time illustrating the effect of an -c of a sample tube seating force 

F which is too low. . 
Figure 15 is a cross-sectional view of a sample tube and cap seated in the sample block. 
Figure 16A is a graph of the impulse response of an RC circuit. 

Fiqure 16B is a graph of an impulse excitation pulse. ♦.,™,hirf««» 
Figure 16C is a graph illustrating howthe convolution of the thermal impulse response and the temperature history 
of the block aive the calculated sample temperature. 

F g re 6D iSustrates the electrical analog of the thermal response of the sample block/sample tube sysUm 

Figure 17 illustrates how the calculated temperatures of six different samples all converge on a terge 

to within about 0.5'C of each other when the constants of proportionality for the equations usedto control the three 

F^tsT^ 

Fiqure 19 is a cross-sectional view of the sliding cover and heated platen. 

Figure 20 is perspective view of the sliding cover, sample block and the knob used to lower the heate platen _ 
Figure 21 A is a cms-sectional view of the assembly of one embodiment of the frame, retamer, sample tube and 

^bTETS^ - the assembiy of the preferred embodiment of the frame, retainer, sample 
tube and cap when seated on the sample block. 

Figure 22 is a top, plan view of the plastic, disposable frame for the microliter plate. 
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Figure 23 is a bottom, plan view of the frame. 
Figure 24 is an end, elevation view of the frame. 
Figure 25 is another end, elevation view of the frame. 

Figure 26 is a cross-sectional view of the frame taken along section line 26-26' in Figure 22 
Figure 27 is a cross-sectional view of the frame taken along section line 27-27' in Figure 22 
Figure 2B is an edge elevation view and partial section of the frame. 
Figure 29 is a sectional view of the preferred sample tube. 
Figure 30 is a sectional view of the upper part of the sample tube. 
Figure 31 is an elevation view of a portion of the cap strip. 
Figure 32 is a top view of a portion of the cap strip. 

Figure 33 is a top, plan view of the plastic, disposable retainer portion of the 96 well microliter tray 
Figure 34 is a side, elevation view with a partial section of the retainer. 
Figure 35 is an end, elevation view of the retainer. 

Figure 36 is a sectional view of the retainer taken along section line 36-36' in Figure 33 
Figure 37 is a sectional view of the retainer taken along section line 37-37' in Figure 33 
Figure 38 is a plan view of the plastic disposable support base of the 96 well microliter tray. 
Figure 39 is a bottom plan view of the base. 
Figure 40 is a side elevation view of the base. 

Figure 41 is an end elevation view of the base. ' 
Figure 42 is a sectional view of the support base taken along section line 42-42' in Figure 38 
Rgure 43 .s a sectional view of the support base taken along section line 43-43' in Figure 38 
Figure 44 is a section view of the base taken along section line 44-44' in Figure 38 

™? ? !f 3 Per ' peC,iVe expl0ded view of the P |astic disposable items that comprise the microliter tray with some 
sample tubes and caps in place. 

Figure 46 is a diagram of the coolant control system 24 in Figure 1 . 

Figures 47A and 47B are a block diagram of the control electronics' according to the teachings of the invention 
Figure 48 is a schematic of a typical zener temperature sensor. nvem.on. 
Figure 49 is a time line diagram of a typical sample period. 

F 2Zl !* eleva,i k °" sec,ional view of a 1a » walled sample tube marketed under the trademrak MAXIAMP 
Figure 51 is a graph showing the difference in response time between the thin walled sample tubes and the thick 
walled pnor art tubes. UIM 
Figure 52 is a plan view of a sample tube and cap. 
Figures 53 and 54 are flow charts of the power up test sequence. 

35 Detailed Description of the Invention 

SDUterSi 0 . F T fe 1 ^ Sh ° Wn 3 b '° Ck dia9ram ° f * he maj ° r SyStem «™P°nents of one embodiment of 
cZZZ ZTor rZ T , ° r ,. pe ? rmin 9 PCR accordina to the teachings of the invention. Sample mixtures in- 
• by Sed rJSUJ U ' ^ ,f ' ed ^ P ' aCed m thC ,e «ure-programmed sample block 12 and are covered 

S.Hin T SU K PP,i6S deflnin9 time and tem P era,ure P^ameters of the desired PCR protocol via a terminal 
He rllT"!tr d r t ' SPlay - keyb0afd and diSPlaV 3re C0UP ' ed Via bus 1 8 ,0 a c ° n ^ol computer 20 (he e 
wh"h ZTZ ITA " 3 f ntral Pr ° CeSSing Unit " CPU) - ThiS Central pr0cessinQ unit 20 memory 
SSirS^^T" T, b6,0W ' dma definin9 the d6Sired PCR P rotOC0 ' and certain oalibration 
"and Z o.emen„ a The oontro program causes the CPU 20 to control temperature cycling of the sample block 

the Ze TJtH k T T*™ WNCh pr ° VideS Certain dis P ,ays t0 * e user and receives data entered by 
the user via the keyboard of the terminal 16.. y 

IS ' n preferred emt >odiment, the central processing unit 20 is custom designed 

°S „l bl0Ck d ' agram ° f the e,ectr ° nics will be discussed in more detail below. In atternative embodiments the 

SSSS!!: t^ PeriPhera ' eleCtr ° niCS ,0 COntr °' ,he Vari0US heatere and other electro me 

"S™ ° f th , e 'foment and read various sensors could be any general purpose computer such as a suitably 
programmed personal computer or microcomputer. » « suiiaoiy 

10053] The samples 10 are stored in capped disposable tubes which are seated in the sample block 12 and are 
thermally isolated from the ambient air by a heated cover 14 which contacts a p.astic disposal ray X UlscrZ 
be ow to form a heated, enclosed box in which the sample tubes reside. The heated cover serves, 

e si c :, e u » b e :r r at tra r fer ■ ? an h d ,rom ,he sampie mix,ure ty evapora,ion ' «* de 

^i"-, a ' S0 redUCeS ,he cnance of cross oontamination by keeping the insides of the caps dry thereby 
preventing aerosol formation when the tubes are uncapped. The heated cover is in contact with the sample tube caps 



30 



45 



50 



55 



14 



EP 0 812 621 B1 

and keeps them heated to a temperature of approximately 104-C or above the condensation points of the various 

Ul.teUe and wat„ Ihtoogh biae cling ^Z'LiHS- ^ ZXlg « lb. pis 

sample block 12 by pumping ^J^^ll^S «* exits the sample block through tube 32. 
fully below in the description of the e = 

[0056] Typically, the l.qu.d coolant used ^^^^XS receives liquid coolant which has extracted heat from 
glycol. The .iquid coolant is c led by a heat ■J^^^jj^ liquid freon refrigerant via input 
the sample block 12 v,a input ^^^l^Z^M^s a compressor (not shown), a fan 42 and a fin 

of this capillary tube is coupled to the input of the heat exchanger 34 v. a woe «. expans ion, 

s.r=n^^ 

pernta,. neat M-C, a hybridization indalpa.bn 122 w. - a S^iSSSS «■«, «i. 

Mbb co.linssy.lem. ™,aanii» „„mps coolant Irom a filter/reservoir 39 (130 milliliter capacity) 

a ponafnt flow -at. ol 1 -1 .3 gallon. p.. miopia. At M "*"•*» «• » ^Xm nbeoBi d^rt.dtl.rccgl. allow 
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exists at the input 53 of a two state solenoid operated valve 55 under the control of the CPU 20 via bus 54. When ramp 
cooling is desired to implement a rapid downward temperature change, the CPU 20 causes the solenoid operated 
valve 55 to open to allow flow of coolant through the ramp cooling channels 57. There are 8 ramp cooling channels so 
the flow rate through each ramp cooling channel is about 1/8 gallon per minute. The flow rate through the bias cooling 

5 channels is much less because of the greatly restricted cross-sectional area thereof. 

[0062] The bias cooling system provides a small constant flow of chilled coolant through bias cooling channels 49 
in the sample block 12. This causes a constant, small heat loss from the sample block 12 which is compensated by a 
multi-zone heater 1 56 which is thermally coupled to the sample block 1 2 for incubation segments where the temperature 
of the sample block is to maintained at a steady value. The constant small heat loss caused by the bias cooling flow 

10 allows the control system to implement proportional control both upward and downward in temperature for small tem- 
peratures. This means both heating and cooling at controlled, predictable, small rates is available to the temperature 
servo system to correct for blocktemperature errors tocause the block temperature to faithfully track a PCR temperature 
profile entered by the user. The alternative would be to cut off power to the film heater and allow the sample block to 
cool by giving up heat to the ambient by radiation and convection when the block temperature got too high. This would 

is be too slow and too unpredictable to meet tight temperature control specifications for quantitative PCR cycling. 

[0063] This multi-zone heater 156 is controlled by the CPU 20 via bus 52 in Figure 1 and is the means by which the 
temperature of the sample block 12 is raised rapidly to higher incubation temperatures from lower incubation temper- 
atures and is the means by which bias cooling is compensated and temperature errors are corrected in the upward 
direction during temperature tracking and control during incubations. 

20 [0064] In alternative embodiments , bias cooling may be eliminated or may be supplied by other means such as by 
the use of a cooling fan and cooling fins formed in the metal of the sample block, peltier junctions or constantly ci rculating 
tap water. Care must be taken however in these alternative embodiments to insure that temperature gradients are not 
created in the sample block which would cause the temperature of some samples to diverge from the temperature of 
other samples thereby possibly causing different PCR amplification results in some sample tubes than in others. In 

25 the preferred embodiment, the bias cooling is proportional to the difference between the block temperature and the 
coolant temperature. 

[0065] The CPU 20 controls the temperature of the sample block 12 by sensing the temperature of the metal of the 
sample block via temperature censor 21 and bus 52 in Figure 1 and by sensing the temperature of the circulating 
coolant liquid via bus 54 and a temperature sensor in the coolant control system. The temperature sensor for the 

30 coolant is shown at 61 in Figure 46. The CPU also senses the internal ambient air temperature within the housing of 
the system via an ambient air temperature sensor 56 in Figure 1 . Further, the CPU 20 senses the line voltage for the 
input power on line 58 via a sensor symbolized at 53. All these items of data together with items of data entered by 
the user to define the desired PCR protocol such as target temperatures and times for incubations are used by a control 
program to be described in more detail below. This control program calculates the amount of power to apply to the 

35 various zones of the multi-zone sample block film heater 1 56 via the bus 52 and generates a coolant control signal to 
open or close the solenoid operated valve 55 in the coolant control system 24 via bus 54 so as to cause the temperature 
of the sample block to follow the PCR protocol defined by data entered by the user. 

[0066] Referring to Figure 2, there is shown a top view of the sample block 12. The purpose of the sample block 12 
is to provide a mechanical support and heat exchange element for an array of thin walled sample tubes where heat 

40 may be exchanged between the sample liquid in each sample tube and liquid coolant flowing in the bias cooling and 
ramp cooling channels formed in the sample block 12. Further, it is the function of the sample block 12 to provide this 
heat exchange function without creating large temperature gradients between various ones of the sample wells such 
that all sample mixtures in the array experience the same PCR cycle even though they are spatially separated. It is an 
overall objective of the PCR instrument described herein to provide very tight temperature control over the temperature 

45 of the sample liquid for a plurality of samples such that the temperature of any sample liquid does not vary appreciably 
(approximately plus or minus 0.5° C) from the temperature of any other sample liquid in another well at any point in the 
PCR cycle. 

[0067] There is an emerging branch of PCR technology called "quantitative" PCR. In this technology, the objective 
is to perform PCR amplification as precisely as possible by causing the amount of target DNA to exactly double on 

so every cycle. Exact doubling on every cycle is difficult or impossible to achieve but tight temperature control helps. 
[0068] There are many sources of errors which can cause a failure of a PCR cycle to exactly double the amount of 
target DNA (hereafter DNA should be understood as also referring to RNA) during a cycle. For example : in some PCR 
amplifications, the process starts with a single cell of target DNA. An error that can easily occur results when this single 
cell sticks to the wall of the sample tube and does not amplify in the first several cycles. 

ss [0069] Another type of error is the entry of a foreign nuclease into the reaction mixture which attacks the "foreign" 
target DNA. All cells have some nonspecific nuclease that attacks foreign DNA that is loose in the cell. When this 
happens, it interferes with or stops the replication process. Thus, if a drop of saliva or a dandruff particle or material 
from another sample mixture were inadvertently to enter a sample mixture, the nuclease materials in these cells could 
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attackthe target DNA and cause an error in the amplification process. It is highly desirable to eliminate all such sources 

of cross-contamination. „„ „ f 

r00701 Another source of error is nonprecise control over sample mixture temperature as between vanous ones of 
a multiplicity of different samples. For example, if all the samples are not precisely controlled to have the proper an- 
nealing temperature (a user selected temperature usually in the range iron 50 to 60»C) for the extens.on incubation 
certain forms of DNA will not extend property. This happens because the primers used in the extens,on process anneal 
to the wrong DNA if the temperature is too low. If the annealing temperature is too high, the pnmers w.ll not anneal to 

[SorTone can easily imagine the consequences of performing the PGR amplification process inaccurately when 
PGR amplification is part of diagnostic testing such as for the presence HIV ant.bod.es hepatitis, or the P™™"* 
genetic diseases such as sickle cell anemia, etc. A false positive orfalse negative result ,n such d.agnostic testing can 
Zl disastrous persona, and legal consequences. Accordingly, it is an object for the design of the PGR instrumen 
described herein to eliminate as many of these sources of possible errors as possible such as ^^ontarn^at^ o 
poortemperaturecontrolwhileprovidinganinstrumentwhichfecompatiblewiththe.ndustrystandard96-wellm.crot.ter 

plate format. The instrument must rapidly perform PCR in a flexible manner with a simple user .n erface^ 
£,072] In the preferred embodiment, the sample block 12 is machined out of a so d b ock of re at, e.y ur bu 
corrosion resistant aluminum such as the 6061 aiuminum alloy. Machining the block structure out of a ^so he I bloc of 
aluminum results in a more thermally homogenous structure. Cast aluminum structures tend not to be as thermally 
homogenous as is necessary to meet the very tight desired temperature control spec.f.cations. 
[0073? Sample block 12 is capable of rapid changes in temperature because the thermal mass of the block « kept 
ow. This is done by the formation in the block of many cooling passageways, sample wells .grooves and ^th^ded 
and unthreaded holes. Some of these holes are used to attach the block to supports and to attach external dev.ces 

ously to Figure 2 which shows the block in plan view as well as Figures 3 through 8 wh.ch show eleven view > and 
strategical^ located sectional views of the sample block. For example, Figure 3 ,s a side elevat.on view showing the 
coo n^ 

block 12 looking at the opposite edge, is identical. Figure 4 is an elevation v.ew of the edge of the sample block 12 
To! t .pert pective of vie'w line 4-4' in Figure 2. Figure 5 is an elevation view of the end of the samp e ^ J 
from the perspective of view line 5-5' in Figure 2. Figure 6 is a sectional view of the sample block 1 2 taken atong the 
section line 6 6' in Figure 2. Figure 7 is a sectional V.ew of the sample block 12 taken along sect,on l.ne 7-7 ,n F.gure 
2 Figure 8 is a sectional view of the sample block 12 taken along section l.ne 8-8' in F.gure 2 
[0075] The top surface of the sample block 12 is drilled with an 8 x 12 array of corneal sample wells of w^ch wells 
66 and 68 are typical. The conical configuration of each sample well is best seen if Figure 8. The .walls of each , sample 
well are drilled at an angle of 1 7° to match the angle of the conical section of each sample tube. This ,s done by dnll.ng 
a pilot hole having the diameter D w in Figure 8. Then a 1 7= countersink is used to form the con,cal whW_ 
[0076] The bottom of each sample well includes a sump 70 which has a depth wh.ch exceeds the depth of penet rat on 
of the tip of the sample tube. The sump 70 is created by the pilot hole and provides a small open space beneath .the 
sample tube when the sample tube is seated in the corresponding sample well. This sump prov.des a space for l.qmd 

chts condensation that forms on the we,, walls to reside without interfering with the tight fit of each samp. > tube 
the walls of the sample well. This tight fit is necessary to insure that the thermal ™^™«^^™V°Z 
sample liquid is uniform and high for each sample tube. Any contamination in a well which causes a loose f.t for one 
tube will destroy this uniformity of thermal conductance across the array. That ,s, because liqu.d .s substantially un- 
compressible at the pressures involved in seating the sample tubes in the sample wells there were no sump 70 the 
presence of liquid in the bottom of the sample well could prevent a sample tube from fully seating in .ts sampl well 
furthermore the sump 70 provides a space in which a gaseous phase of any liquid res.d.ng ,n the sump 70 can expand 
during high temperature incubations such that large forces of such expansion which would be present ff there were no 
sump 70 are not applied to the sample tube to push the tube out of flush contact with the sample well 
[0077] It has been found experimentally that it is important for each sample tube to be ,n flush 
espondingsamplewellandthataoertainmlnlmumthresholdforcebe applied to each sampletube to "W^f^ 
conductiv^between the walls of the sample well and the reaction mixture uniform th ™? h ° utt ^^ 
threshold seating force is shown as the force vector F in Figure 15 and is a key fac or ,n prevent "9 tje thecal | con 
ductivity through the walls of one sample tube from being different than the . therma 

another sample tube located elsewhere in the block. The minimum threshold seating force F is 30 grams and the 
55 preferred force level is between 50 and 100 grams. km ,i M „i„cni, rat !> fi 

[0078] The array of sample wells is substantially completely surrounded by a groove 78, best s eon n F^ures 2 6 
Lnd 8 which has Lo functions. The main function is to reduce the thermal conductivity from the centra, area o the 
sample block to the edge of the block. The-groove 78 extends about 2/3 through the th.ckness of the sample block. 
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This groove minimizes the effects of unavoidable thermal gradients caused by the necessary mechanical connections 

2 so « !o a lTT rt PmS ; n,an , i ' 0 K ldS ' e,C ' A SeC ° ndary fUnCfon fe 10 rem0Ve ,hermal mass from the sa ™P' a "lock 
12 so as to allow the temperature of the sample block 12 to be altered more rapidly and to simulate a row of wells in 

JJIRTSSSS '^TT T am ° Um °' meta ' rem ° Ved by P ° rti0n ° f 9r °° Ve 78 ^-n poin 
!,nht lm 7 9 n L 1 T t0 b6 substan,ial| V e " ual »° <he amount of metal removed by the adjacent column of 
«ght sample wells 83 through 90. The purpose of this is to match the thermal mass of the guard band to the thermal 
mass of the adjacent "local zone", a term which will be explained more fully below 

[0079] Referring specifically to Figures 3, 6 and 8, there is shown the number and relative positions of the various 
rZtnn ? "T. T'u 9 C * MS are f0rmed in me metal °' the sam P le b,ock 1 * There are nine bias 

m a S?r n f ma W ' th re ' erenCe nUmera ' S 91 thr0Ugh "• Likewise ' there are ei 9 ht ram P cooling channels 
marked with reference numerals 100 through 107. ">an.reio 

h?!^ ] TK EaCh ^ ! h6Se ^ C ° 0lin9 and ramp ° 00lin9 Channe,S is gun drilled thrau 9 h the aluminum of the sample 

« nnJS T, , Tl Pr0CSSS iS WS " kn ° Wn and pr ° VideS the ability t0 dri " a lon 9' ver V strai 9 ht h °le which is as close 
as possible to the bottom surface 1 1 0 of the sample block 12. Since the gun drilling process drills a straight hole this 
process is preferred so as to prevent any of the bias cooling or ramp cooling channels from straying during the drillina 
process and penetrating the bottom surface 110 of the sample block or otherwise altering its position relative to the 
other cooling channels. Such repositioning could cause undesirable temperature gradients by upsetting the "local 
balance and ' local symmetry" of the local zones. These concepts are exp.ained below, but for now the reader should 
understand that these notions and the structures which implement them are key to achieving rapid temperature cycling 
mno, SamP W Creating excessive temperature errors as between different sample wells 
0081] The bias cooling channels 91 through 99 are lined with silicone rubber in the preferred embodiment to reduce 
the thermal conductivity across the wall of the bias cooling channel. Lowering of the thermal conductivity across the 
samnlf h^ii I biaS \ COoBn ? channels is P referred s ° ^ to prevent too rapid of a change in temperature of the 
sample block 12 when the multi-zone heater 156 is turned off and heat loss from the sample block 12 is primarily 
through the bias cooling channels. This is the situation during the control process carried out when the sample block 
tempera ure has strayed slightly above the desired target incubation temperature and the control system is attempting 
to bring the sample block temperature back down to the user's specified incubation temperature Too fast a coolina 
rate in this situation could cause overshoot of the desired incubation temperature before the control system's servo 
feedback loop can respond although a "controlled overshoot" algorithm is used as will be described below Since the 
b ock temperature servo feedback loop has a time constant for reacting to stimuli, it is desirable to control the amount 
of heating and cooHng and the resuming rate of temperature change of the sample block such that overshoot is minimized 
by not changing the sample block temperature at a rate faster than the control system can respond to temperature 

[0082] In the preferred embodiment, the bias cooling channels are 4 millimeters in diameter, and the silicone rubber 

InnroJT 5 Tn ^ 6nd * 1 5 mi " ime,er Wa " thickness - m * P rovides a Was cooling rate of 

approxtmately 0.2'C per second when the block is at the high end of the operating range, i.e., near 100°C, and a bias 

ZTj,n ap T P h r0Xinla i te ^ 01 ° C P er second wh6n sample block 12 is at a temperature in the lover end of the 
operating range. The coolant control system 24 in Figure 1 causes a flow rate for coolant in the bias cooling channels 
of approximately /20th to 1/30,h of the flow rate for liquid coolant through the ramp cooling channels, 100 through 

Trl l blaS h C °° l,n9 and ram P coolin 9 channels ™ the same size, i.e., 4 millimeters in diameter, and extend com- 
pletely through the sample block 12. 

[0083] The bias cooling channels are lined by inserting a stiff wire with a hook at the end thereof through the bias 

i TaMvnZl a ? h f " thr0U9h 3 h ° ,e ^ ,he Snd ° f 9 Si ' iCOne mbber tube "»** has an ° utside dia ™<<* which 
is slightly greate than 4 m limeters. The hook in the wire is then placed through the hole in the silicone rubber tube 

block 12 Pe ,S ^ biaS C00lin9 Channe ' and CUt ° ff flUSh With the end surfaces of the sam P le 

[0084] Threaded holes 108 through 114 are used to bolt a coolant manifold to each side of the sample block 12 

luZ*> \T£ ™ b0l,ed t0 SaCh end ° f ,he b '° ck ' These ^ coolant manifolds ara »«P'e«l to the coolant 
n ™!; ff'J r 32 !? ,1 i9Ure 3nd are affiXed t0 the Sample block 12 with a 9 asket serial (not shown) 

mterposed between the manifold and the sample block metal. This gasket prevents leaks of coolant and limits the 
hernial conductivity between the sample block 12 and the manifold which represents a heat sink 

nn«* ^ S6,VeS the ab0Ve Stated P ur P° ses wi " suffice for practicing the invention. 

[0086] The positions of the bias cooling and ramp cooling channels relative to the position of the groove 78 are best 

l^Z , T r i6W ° f R9Ure 6 - ThS P ° Si,i0nS ° f the bi3S Coolin 9 and ram P cooling channels relative to the 
fntZZ ' h ,! WeMS ' S b6St S6en ' n R9Ure 8 ' 11,8 biaS C00,in 9 and ram P cooling channels are generally 

ntemosed between the posrtions of the tips of the sample wells. Further, Figure 8 reveals that the bias cooling and 

nlnSn 9 ? h ,? SU , Ch 35 Channe ' S 1 06 3nd 97 Cann0t bS m ° Ved in the P° sitive z direc «on very far without risking 
penetration of the walls of one or more sample wells. Likewise, the cooling channels cannot be moved in the negative 
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z direction very far without creating the possibility of penetrating the bottom surface 116 of the sample block 12. For 
clarity the positions of the bias and ramp cooling channels are not shown in hidden lines in Figure 2 relative to the 
positions of the sample wells and other structures. However, there is either a bias cooling channel or a ramp cooling 
channel between every column of sample wells. 

5 [0087] Referring to Figure2, the holes 118, 119, 120and121 are threaded and are used to attach the sample block 
1 2 to machinery used to machine the various holes and grooves formed therein. In Figures 2, 4 and 5, the holes 124, 
125 126 and 127 are used to attach the sample block 12 to a support bracket shown in Figure 9 to be described in 
more detail below. Steel bolts extend through this support bracket into the threaded holes 124 through 127 to provide 
mechanical support of the sample block 12. These steel bolts also represent heat sinks or heat sources which tend to 

10 add thermal mass to the sample block 1 2 and provide additional pathways for transfer of thermal energy between the 
sample block 12 and the surrounding environment. These support pins and the manifolds are two important factors in 
creating the need for the guard bands to prevent the thermal energy transferred back and forth to these peripheral 
structures from affecting these sample temperatures. 

[0088] Referring to Figure 5, the holes 128, 130 and 1 32 are mounting holes for an integrated circuit temperature 
15 sensor (not shown) which is inserted into the sample block through hole 128 and secured thereto by bolts which fasten 
to threaded holes 130 and 132. The extent of penetration of the hole 128 and the relative position of the temperature 
sensor to the groove 78 and the adjacent column of sample wells is best seen in Figure 2. 

[0089] Referring to Figure 2. holes 134 through 143 are mounting holes which are used to mount a spill collar 147 
(not shown) This spill collar 147 is shown in Figure 19 detailing the structure of the heated platen 14, sliding cover 
20 316 and lead screw assembly 31 2. The purpose of the spill collar is to prevent any liquid spilled from the sample tubes 
from getting inside the instrument casing where it could cause corrosion. 

[0090] Referring to Figure 9, there is shown in cross-section a view of the support system and multi-zone heater 156 
configuration for the sample block 1 2. The sample block 1 2 is supported by four bolts of which bolt 1 46 is typical. These 
four bolts pass through upright members of a steel support bracket 148. Two large coil springs 0 and 152 are com- 

25 pressed between a horizontal portion of the support bracket 148 and a steel pressure plate 154. The springs 150 and 
152 are compressed sufficiently to supply approximately 300 lbs. per square inch of force in the pos.tive z direction 
acting to compress a film heater 156 to the bottom surface 116 of the sample block 12. This three layer film heater 
structure is comprised of a multi-zone film heater 1 56, a silicone rubber pad 158 and a layer of epoxy resin foam 160. 
In the preferred embodiment the film heater 1 56 has three separately controllable zones. The purpose of the film heater 

30 1 56 is to supply heat to the sample block 12 under the control of the CPU 20 in Figure 1 . The purpose of the silicone 
rubber pad 158 is to lower the thermal conductivity from the film heater layer 156 to the structures below. These lower 
structures serve as heat sinks and heat sources between which undesired heat energy may be transferred to and from 
the sample block 1 2. The silicone rubber pad 1 58 has the additional function of compensating for surface irregularities 
in the film heater 156 since some film heaters embody nichrome wires and may not be not perfectly flat. 

35 [0091] The purpose of the steel plate 154 and the epoxy resin foam 160 is to transfer the force from the springs 150 
and 152 to the silicone rubber pad 158 and the multi-zone film heater 156 so as to compress the film heater to the 
bottom surface 116 of the sample block with as flush a fit as possible. The epoxy resin foam should be stiff so as to 
not be crushed under the force of the springs but it should also be a good insulator and should have low thermal mass^ 
i e it should be a nondense structure. In one embodiment, the foam 1 60 is manufactured under the trademark ECKO 

40 foam. In alternative embodiments, other structures may be substituted for the silicone rubber layer 158 and/or the 
epoxy resin foam layer 160. For example, a stiff honeycomb structure such as is used in airplane construction could 
be placed between the pressure plate 154 and the film heater 156 with insulating layers therebetween. Whatever 
structure is used for layers 158 and 160 should not absorb substantial amounts of heat from the sample block 12 while 
the block is being heated and should not transfer substantial amounts of heat to the sample block 1 2 when the block 

45 is being cooled. Perfect isolation of the block from its surrounding structures however, is virtually impossible. Every 
effort should be made in designing alternative structures that will be in contact with the sample block 12 so as to 
thermally isolate the sample block from its environment as much as possible to minimize the thermal mass of the block 
and enable rapid temperature changes of the sample block and the sample mixtures stored therein. 
[0092] Precise temperature control of the sample block temperature is achieved by the CPU 20 in Figure 1 by con- 

50 trolling the amount of heat applied to the sample block by the multi-zone film heater 1 56 in Figure 9. The film heater 
is driven using a modified form of pulse width modulation. First, the 120 volt waveform from the power line is rectified 
to preserve only half cycles of the same polarity. Then portions of each half cycle are gated to the appropriate zones 
of the foil heater, with the percentage of each half cycle which is applied to the various zones of the foil heater being 
controlled by the CPU 20. 

55 [0093] Figure 1 0 illustrates one embodiment of a power control concept for the film heater 1 56. Figure 1 0 is a diagram 
of the voltage waveform of the supply line voltage. Rectification to eliminate the negative half cycle 1 62 occurs. Only 
positive half cycles remain of which half cycle 164 is typical. The CPU 20 and its associated peripheral electronic 
circuitry then controls the portion of each half cycle which is applied to the various zones of the film heater 156 by 
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selecting a portion of each half cycle to apply according to a power level computed for each zone based upon equations 
given below for each zone. That Is, the dividing line 166 is moved forward or backward along the time axis to control 
the amount of power to the film heater based upon a number of factors which are related in a special equation for each 
zone. The cross-hatched area under the positive half cycle 164 represents the amount of power applied to the film 
heater 156 for the illustrated position of the dividing line 166. As the dividing line 166 is moved to the right more power 
is applied to the film heater, and the sample block 1 2 gets hotter! As the dividing line is moved to the left along the time 
axis, the cross-hatched area becomes smaller and less power is applied to the film heater. How the CPU 20 and its 
associated software and peripheral circuitry control the temperature of block 12 will be described in more detail below 
[0094] The amount of power supplied to the film heater is continuously variable from 0 to 600 watts In alternative 
embodiments, the amount of power supplied to the film heater 156 can be controlled using other schemes such as 
computer control over the current flow through or voltage applied to a DC film heater or by the zero crossing switching 
scheme described below. 

[0095] in other embodiments, heating control of the sample block 1 2 may be performed by control over the flow rate 
and/or temperature of hot gases or hot liquid which is gated through heating control channels which are formed through 
the metal of the sample block 12. Of course in such alternative embodiments, the number of sample wells in the block 
would have to be reduced since there is no room for additional heating channels in the sample block 12 shown in 
Figures 2 through B. Such alternative embodiments could still be compatible with the 96-well microtiter plate format if 
for example, every other well were removed to make room for a heating channel in the sample block. This would provide 
compatibility only as to the dimensions of such microtiter plates and not as to the simultaneous processing of 96 different 
samples. Care must be taken to preserve local balance and local symmetry in these alternative embodiments. 
[0096] In the embodiment described herein : the maximum powerthat can be delivered to the block via the film heater 
is 1100 watts. This limitation arises from the thermal conductivity of the block/heater interface. It has been found ex- 
perimentally that the supply of more than approximately 1100 watts to the film heater 156 will frequently cause self- 
destruction of the device. 

[0097] Typical power for heating or cooling when controlling block temperatures at or near target incubation temper- 
atures is in the range of plus or minus 50 watts. 

[0098] Referring to Figure 1 1 , there is shown a time versus temperature plot of a typical PCR protocol Large down- 
ward changes in block temperature are accomplished by gating chilled liquid coolant through the ramp cooling channels 
while monitonng the sample block temperature by the temperature sensor 21 in Figure 1 . Typically these rapid down- 
ward temperature changes are carried out during the ramp following the denaturation incubation 1 70 to the temperature 
of hybridization incubation 172. Typically, the user must specify the protocol by defining the temperatures and times 
in one fashion or another so as to describe to the CPU 20 the positions on the temperature/time plane of the checkpoints 
symbolized by the circled intersections between the ramp legs and the incubation legs. Generally, the incubation legs 
are marked with reference numerals 170, 172 and 174 and the ramps are marked with reference numerals 176, 178 
and 180. Generally the incubation intervals are conducted at a single temperature, but in alternative embodiments 
they may be stepped or continuously ramped to different temperatures within a range of temperatures which is accept- 
able for performing the particular portion of the PCR cycle involved. That is, the denaturation incubation 1 70 need not 
be carried out at one temperature as shown in Figure 11, but may be carried out at any of a plurality of different 
temperatures within the range of temperatures acceptable for denaturation. In some embodiments, the user may specify 
the length of the ramp segments 1 76, 1 78 and 1 80. In other embodiments, the user may only specify the temperature 
or temperatures and duration of each incubation interval, and the instrument will then move the temperature of the 
sample block as rapidly as possible between incubation temperatures upon the completion of one incubation and the 
start of another. In the preferred embodiment, the user can also have temperatures and/or incubation times which are 
different for each cycle or which automatically increment on every cycle. 

[0099] The average power of ramp cooling during a transition from a 95°C denaturation incubation to a 35°C hybrid- 
ization incubation is more than one kilowatt typically. This results in a temperature change for the sample block of 
approximately 4-6°C per second when the block temperature is at the high end of the operating range, and approxi- 
mately 2°C per second when the block temperature is at the low end of the operating range. Generally it is desirable 
to have as high a cooling rate as possible for ramp cooling. 

[0100] Because so much heat is being removed from the sample block during ramp cooling, temperature gradients 
across the sample block from one end of a ramp cooling channel to the other could occur. To prevent this and minimize 
these types of temperature gradients, the ramp cooling channels are directionally interlaced. That is, in Figure 3 the 
direction of coolant flow through ramp cooling channels 100, 102, 104, and 106 is into the page as symbolized by the 
x's inside these ramp cooling channel holes. Ramp cooling liquid flow in interlaced ramp cooling channels 101, 103, 
1 05, and 1 07 is out of the page as symbolized by the single points in the center of these ramp cooling channel holes! 
This interlacing plus the high flow rate through the ramp cooling channels minimizes any temperature gradients which 
might otherwise occur using noninterlaced flow patterns or lover flow rates because the distances between the hot and 
cold ends of the channels is made smaller. A slower flow rate results in most or all of the heat being taken from the 
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block in the first inch or so of travel which means that the input side of the block will be at a lower temperature than 
the output side of the block. A high flow rate minimizes the temperature gradient along the channel. Interlacing means 
the hot end of the channels running in one direction are "sandwiched" between the cold ends of channels wherein flow 
is in the opposite direction. This is a smaller distance than the length of the channel. Thus, temperature gradients are 
5 reduced because the distances heat must travel to eliminate the temperature gradient are reduced. This causes any 
temperature gradients that form because of cooling in the ramp channels to be quickly el.mmated before they have 
time to differentially heat some samples and not others. Without interlacing, one side of the sample block would be 
approximate* 1-C hotter than the other side. Interlacing results in dissipation of any temperature gradients that result 

» ^ To'E^VSl the amount heat added to or removed from the block, the CPU 20 measures 
Z block temperature using temperature sensor 21 in Figure 1 and measures the coolant tempera ure J , way of 
temperature sensor 61 in Figure 46 coupled to bus 54 in Figure 1 . The amb,ent a.r temperature ,s also measured by 
way of temperature, sensor 56 in Figure 1 , and the power line voftage. which centre s the power applied t ttur Mm 
heaters on bus 52, is also measured. The thermal conductance from the sample block to amb.en and from the sample 

15 block to the coolant are known to the CPU 20 as a result of measurements made during an ,nrt,ahzat,on process to set 

S P rgrtlp:ie:niformity of the sample population, the block, at con^nt temperature can haveno 

net heat flow h. or out. However, temperature gradients can occur within the sample block ansmg from 

heat from hot spots to cold spots which have zero net heat transfer relative to the block borders. ^ a > 

20 of material which is heated at one end and cooled at the other is at a constant average temperature ,f the net heat flow 
into the block is zero. However, in this situation a significant temperature nonunrformrty, i.e., a temperature grad.ent, 
can be established within theslab due to the flow of heatfrom the hot edge to the cold edge. When ,heat,ng andoootag 
of L edges of the block are stopped, the flow of heat from the hot edge to the cold edge eventually d^s. pates th* 
temperature gradient and the block reaches a uniform temperature throughout which .s the average between the hot 

25 temperature and cool temperature at the beginning of heat flow. 

[0103] If a slab of cross sectional area A in length L has a uniform thermal conductivity • K, and the slab « held at 
constant average temperature because heat influx from a heat source Q h is matched by heat outflow to a heat sink 
Q out , the steady state temperature profile which results from the heat flow is: 

(1) Delta T=-^ 



Where, 

35 Delta T = the temperature gradient 

L = the thermal path length 
A = the area of the thermal path 
K = the thermal conductance through the path 
[0104] In general, within any material of uniform thermal conductance, the temperature gradient will ^established 
40 n proportion to the heat flow per unrt area. Heat flow and temperature nonuniformity are thus ntmeMy 

[0105] Practically speaking, it is not possible to control the temperature of a sample block without some heat flow in 
and out. The cold bias control cooling requires some heat flow in from the strip heaters to balance the heat removed 
by the coolant flowing through the bias cooling channels to maintain the block temperature at a stable value. The key 
to a uniform sample block temperature under these conditions is a geometry wh.ch has local balance and I oca 
45 symmetry" of heat sources and heat sinks both statically and dynamically, and which ,s arranged such that any heat 
flow from hot spots to cold spots occurs only over a short distance. 

[0106] Stated briefly, the concept of "static local balance" means that in a block at constant temperature where the 
total heat input equals the total heat output, the heat sources and heat sinks are arranged such that within a d,s met 
local region all heat sources are completely balanced by heat sinks in terms of heat flows in and heat flows out of the 

so block. Therefore, each local region, if isolated, would be maintained at a constant temperature. 

[0107] The concept of "static local symmetry" means that, within a local region and for a constant temperature the 
center of mass of heat sources is coincident with the center of mass of heat sinks. If this were not the case, with.n each 
local region, a temperature gradient across each local region can exist which can add to * temperature gn jd.ert.nan 
adjacent local region thereby causing a gradient across the sample block wh.ch » twice as large as the size of a s.ng e 

55 local region because of lack of local symmetry even though local balance within each .oca ^""^J^J^ 
of local balance and local symmetry are important to the achievement of a stat.c temperature balance where the tem- 
perature of the sample block is being maintained at a constant level during, for example, an incuba .on 
[0108] Forthedynamiccasewhererapidtemperaturechangesinthesampleblockareoccumng.thethermalmass, 
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or heat capacity of each local region becomes important. This is because the amount of heat that must flow into each 
local region to change its temperature is proportional to the thermal mass of that region 

[0109] Therefore, the concept of static local balance can be expanded to the dynamic case by requiring that if a local 
region includes x percent of the total dynamic heat source and heat sink, it must also include x percent of the thermal 
mass for dynamic local balance" to exist. Likewise, "dynamic local symmetry" requires that the center of mass of heat 
capacity be co.ncident with the center of mass of dynamic heat sources and sinks. What this means in simple terms 
is that the thermal mass of the sample block is the metal thereof, and the machining of the sample block must be 
symmetrical and balanced such that the total mass of metal within each local zone is the same. Further the center of 
mass of the metal in each local zone should be coincident with the center of mass of the dynamic heat sources and 
sinks. Thus, the center of mass of the multi-zone heater 156, i.e., its geometric center, and the geometric center of the 
bias and ramp cooling channels must coincide. From a study of Figures 2-9, it will be seen from the detailed discussion 
below that both static and dynamic local balance and local symmetry exist in sample block 12. 
[0110] Figure 12 illustrates two local regions side by side for the design of the sample block 12 according to the 
teachings of the invention. In Figure 12, the boundaries of two local regions. 200 and 202, are marked by dashed lines 
204, 206 and 208. Figure 12 shows that each local region which is not, in the guard band is comprised of- two columns 
of sample wells; a portion of the foil heater 156 which turns out to be 1/Bth of the total area of the heater one ramp 
cooling channel such as ramp cooling channels 210 and 212: and, one bias cooling channel. To preserve'local sym- 
metry, each local region is centered on its ramp cooling channel and has one-half on a bias cooling channel at each 
boundary. For example, local region 200 has a center over the ramp cooling channel 210 and bias cooling channels 
21 4 and 21 6 are dissected by the local region boundaries 204 and 206, respectively. Thus the center of mass of the 
ramp cooling channel (the middle thereof), coincides (horizontal ly) with the center of mass of the bias cooling channels 
(the center of the local region) and with the center of mass of the film heater portion coupled to each local region Static 
local balance will exist in each local region when the CPU 20 is driving the film heater 156 to input an amount of heat 
energy that is equal to the amount of heat energy that is being removed by the ramp cooling and bias cooling channels 
Dynamic local balance for each local region exists because each local region in the center portion of the block where 
the 96 sample mixtures reside contains approximately 1/Bth the total thermal mass of the entire sample block contains 
1/Bth of the total number of ramp cooling channels and contains 1/Bth of the total number of bias cooling channels 
Dynamic local symmetry exists for each local region, because the center of mass of the metal of each local region is 
horizontally co.ncident with: the center of film heater portion underlying the local region; the center of the ramp cooling 
channel; and, the center of mass of the two half bias cooling channels. 

[0111] By virtue of these physical properties characterized as static and dynamic local balance and local symmetry 
he sample block heats and cools all samples in the population much more uniformly than prior art thermal cyclers 
[0112] Referring to Figure 2, the plan view of the boundaries of the local regions are illustrated by dashed lines 217 
hrough 225. Inspection of Figure 2 reveals that the central region of the 96 sample wells are divided into six adjacent 
local regions bounded by boundaries 218 through 224. In addition, two guard band local regions are added at each 
edge The edge local region (local regions are sometimes herein also called local zones) having the most negative x 
coordinate is bounded by boundary lines 21 7 and 218. The edge local region having the most positive x coordinate is 
bounded by boundary lines 224 and 225. Note that the edge local regions contain no sample well columns but do 
contain the groove 78 simulating a column of wells. The depth and width of the groove 78 is designed to remove the 
same metal mass as a column of wells thereby somewhat preserving dynamic local symmetry. The edge local zones 
are therefore different in thermal mass (they also have additional thermal mass by virtue of the external connections 
such as manifolds and support pins) than the six local zones in the central part of the sample block. This difference is 
accounted for by heating the edge local zones or guard bands with separately controllable zones of said multizone 
heater so that more energy may be put into the guard band than the central zone of the block 
[0113] The local regions at each edge of the block approximate, but do not exactly match the thermal properties of 
the six centrally located local regions. The edge local regions are called "guard band" regions because they complete 
a guard band which runs around the periphery of the sample block 12. The purpose of this guard band is to provide 
some thermal isolation of the central portion of the sample block containing the 96 sample wells from uncontrolled heat 
sinks and sources inherently embodied in mechanical connections to the block by such things as support pins mani- 
folds, drip collars and other devices which must be mechanically affixed to the sample block 1 2. For example in Figure 
2, the edge surfaces 228 and 230 of the sample block have plastic manifolds attached thereto which carry coolant to 
and from the ramp and bias cooling passages. The guard band along edges 228 and 230 consists of portions of the 
s ot 78 which are parallel to and closest to the edges 228 and 230. The depth of the groove 78 is such that the bottom 
of the groove .s as close to the perimeters of the bias and ramp cooling channels as is possible without actually inter- 
secting them. The width of the groove 78 coupled with this depth is such that the volume of metal removed by the slot 
78 between points 82 and 232 in Figure 2 approximately equals the volume of metal removed by the adjacent row of 
sample wells starting with sample well 234 and ending with sample well 83. Also, the slot 78 all around the perimeter 
of the block is located approximately where such an additional row of wells would be if the periodic pattern of sample 
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wells were extended by one row or column of wells in <«**""JL are made to the sample block, the guard band 
[0114] Along the edges 250 and 252 where ^^^^^^^^ g channels. Referring to 
local regions contain, in addition to a portion of he slot ^^^^^J^ cooling channel 
Figure 3, these include: 1/2 of a bias cool.ng channel e.g. 92) which J y and „ who|e bias 

of'theadjacent.ocalregiontofom.awho.eb^ 

cooling channel (e.g., 91 ). For the edge local region at edge 250, nm = 8 d f , he block 

[0115] The whoie bias cooling channels in the guard ^^^^^SLm\ is impractical to build. 
The reason that these whole bias cooling * u« be d^icu.t to keep a ho.e through a 

Since the bias cooling channels require such a 3 S edge local regions causes a small excess 

lining of a "half bias cooling channel rel.ably open. ^""J^TbS ^Silently ^ote from the central region 

the exposed edges of the sample b.ock 1 2 which are e °*^££££ S2B and 23 0 which are attached to the 

alloy such as Inconel™. The metal alloy *^ sh ° U '^ materia. such 

ZSSi high temperatures, have a high ^^^^^^ ~*- ^ " «» 
[01 18] The central zone 254 of the film heater has ^«"™tely »e «j« ^ ^ 

Umple block inside the guard bands. Centra. W™ 2 *^™^*^^ ^ are not quite as , ong . 
[0119] Edge heater regions 256 and 258 are about as ^ " ^ 228 and 230 in Figure 2. 

10120] Mangold heater regions 260 and « 
[0121] Themanifoldheaterzones260and262a^^ 

heater zone. Also, the edge heater sections 256 a "^.^~^ e ^ , sec tion 254. Each of these three 
controllable heater zone. The third separately controllable ^rzone , , s the 

separately controllable heater zones has separate ^^^^^^^ pied embodiment, 
algorithm which may be run on separate microprocessor ^^^^f^e sup p 0 r, brackets. This heat 
[0122] The edge heater zones 256 and 258 are driven Xo ™*^^™Z ambie nt a ir surrounding it. The 
loss J proportional to the temperature «-^J^^^hlit^ sample block to the fu.l bias 

Lolant manifolds 266 and 268 in Figure 13 ^Z^Z^jS s r portS main.y to the temperature 
the manifold heater sections 260 and 262 compen ates tor he* '» ss ' P £ tne sample block and the 
difference between the sample block and the coolant, and to a lesser degree, 

ambient air. „,»« n f the auard band local regions with the 

[0124] For practical reasons, it is not possible to match the therm* I mass of the . guard I 254 9 Forexample , 
Lmi, massL of the loca, regions which indude the s^^ 

the plastic coolant manifolds 266 and 268 not only conduct t ; e ^.^^ r ^ cn e d Tne resu |» of this is that during 
amount of thermal mass to the guard band local ^^^^^^ d0 not exactly match that of the 
rapid block temperature changes, the rates of moa ^^^^Zeen the guard bands and sample wells, 
sample well local regions. This generates a dynamic temperature gradten batmen Mn g Me dient 

which if allowed to become large, could persist for '^T^^^^S^tf adding or deleting heat 
effect is roughly proportional to the rate of change ['^^^^J^ b Jk temperature, 
from each guard band local zone at a rate which is Proportional J merauj o, g rtjes o) me design 

[0125] Thecoefficientsofproportionalityfortheguardbandzoneheat^ 

of the system, and are determined by engineering °" TSms of Equations (3) through (5). These 
proportionality are given below in connection Sgl heater zone and the centra, 

equations define the amounts of power to ,e appl.e dt ^J^^J^ eLodiment are given below in 
zone, respectively in an alternative embodiment. The equations useo h 
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the description of the software (Equations (46)-(48), power distributed by area). 



(3) 



w 



15 



20 



where, 

Pm = 
P = 



K M2 = 



K M3 = 



T BLK = 
T AMB = 
T COOL = 

dt BLK /dt = 



P m = A mP + K ml fT BLK -T AMB ) 

+ K M2 ^blk " T COOL ) + K^dt^/cft) 



power supplied to the manifold heater zones 260 and 262. 
area of the manifold heater zone 

the temperature of the sample block 12. 

the temperature of the ambient air. 

the temperature of the coolant. 

the change in sample block temperature per unit time. 

(4) Pe = A e P.K E1 (T blk -T amb) + k E2 (T blk .t cool ) 
+ K E3 (dt BLK /dt) 



where, 



A E = 
K E1 = 

K E2 = 



power to be applied to the edge heater zones 
the area of the edge heater zones 



(5) 



;A e P 



where 



50 



55 



A* ! S! ^l?^ 6 aP f " ed 10 the _ cen,ral *°ne 254 of the multi-zone heater. 



the area of the central zone 254. 

232 air ^s^^^ezs p is a ;r ' e which is ca,cu,ated * «» * - 

to cause the sample block temperaJu e 2 stay at orfecomt.h f SetP ° imS and detem * es What <° do ne * 

Protocol defined by the timeaT^perlts^ 

™-e™ chthesetpolnts 

- — of the samp?e JSS^SSZ ^^^^r^^Z 



24 



EP 0 812 621 B1 



sensor 56 in Figure 1 and measures the temperature of the coolant via the temperature sensor 61 in the coolant control 
system 24 shown in Figure 46. The CPU 20 then computes the power factor corresponding to the particular segment 
of the PCR protocol being implemented and makes three calculations in accordance with Equations (3), (4) and (5) by 
plugging in all the measured temperatures, the constants of proportionality (which are stored in nonvolatile memory), 

5 the power factor P for that particular iteration of the control program and the areas of the various heater zones (which 
are stored in nonvolatile memory). The power factor is the total power needed to move the block temperature from its 
current level to the temperature level specified by the user via a setpoint. More details on the calculations performed 
by the CPU to control heating and cooling are given below in the description of the control software "PID task". 
[0128] After the required power to be applied to each of the three zones of the heater 156 is calculated, another 

10 calculation is made regarding the proportion of each half cycle of input power which is to be applied to each zone in 
some embodiments. In the preferred embodiment described below, the calculation mode is how many half cycles of 
the total number of half cycles which occur during a 200 millisecond sample period are to be applied to each zone. 
This process is described below in connection with the discussion of Figures 47A and 47B (hereafter referred to as 
Figure 47) and the "PID Task" of the control software. In the alternative embodiment symbolized by Figure 10, the 

15 computer calculates for each zone, the position of the dividing line 1 66 in Figure 1 0. Afterthis calculation is performed, 
appropriate control signals are generated to cause the power supplies for the multi-zone heater 156 to do the appro- 
priate switching to cause the calculated amount of power for each zone to be applied thereto. 
[0129] In alternative embodiments, the multi-zone heater can be implemented using a single film heater which de- 
livers uniform power density to the entire sample block, plus one or two additional film heaters with only one zone 

20 apiece for the guard bands. These additional heaters are superimposed over the single film heater that covers the 
entire sample block. In such an embodiment, only the power necessary to make up the guard band losses is delivered 
to the additional heater zones. 

[0130] The power factor P in Equations (3) through (5) is calculated by the CPU 20 for various points on the PCR 
temperature protocol based upon the set points and ramp times specified by the user. However, a limitation is imposed 
25 based upon the maximum power delivery capability of the zone heater mentioned above. 

[0131] The constants of proportionality in Equations (3) through (5) must be properly set to adequately compensate 
for excess heat losses in the guard band for good temperature uniformity. 

[0132] Referring to Figure 17, there is shown a graph of the differences between calculated sample temperatures 
for a plurality of different sample in response to a step change in block temperature to raise the temperature of the 

30 sample block toward a denaturation incubation target temperature of approximately 94°C from a substantially lower 
temperature. Figure 1 7 illustrates the calculated sample liquid temperatures when the multi-zone heater 1 56 is properly 
managed using the constants of proportionality given above in the definitions of the terms for Equations (3) through 
(5). The various wells which were used to derive the graph of Figure 17 are indicated thereon by a single letter and 
number combination. The 8 x 12 well array showing Figure 2 is coded by lettered columns and numbered rows. Thus, 

35 for example, sample well 90 is also designated sample well A12, while sample well 89 is also designated sample well 
B12. Likewise, sample well 68 is also designated sample well D6, and so on. Note that the well temperatures settle in 
asymptotically at temperatures which are within approximately 0.5°C of each other because of the overall thermal 
design described herein to eliminate temperature gradients. 

[0133] The foregoing description illustrates how the sample block temperature may be controlled to be uniform and 
40 to be quickly changeable. However, in the PCR process, it is the temperature of the sample reaction mixture and not 
the block temperature that is to be programmed. In the preferred embodiment according to the teachings of the inven- 
tion, the user specifies a sequence of target temperatures for the sample liquid itself and specifies the incubation times 
for the sample liquid at each of these target temperatu res for each stage in the PCR process. The CPU 20 then manages 
the sample block temperature so as to get the sample reaction mixtures to the specified target incutation temperatures 
45 and to hold the sample mixtures at these target temperatures for the specified incubation times. The user interface 
code run by the CPU 20 displays, at all stages of this process, the current calculated sample liquid temperature on the 
display of terminal 16. 

[0134] The difficulty with displaying an actual measured sample temperature is that to measure the actual temper- 
ature of the reaction mixture requires insertion of a temperature measuring probe therein. The thermal mass of the 

so probe can significantly alter the temperature of any well in which it is placed since the sample reaction mixture in any 
particular well is often only 100 microliters in volume. Thus, the mere insertion of a temperature probe into a reaction 
mixture can cause a temperature gradient to exist between that reaction mixture and neighboring mixtures. Since the 
extra thermal mass of the temperature sensor would cause the reaction mixture in which it is immersed to lag behind 
in temperature from the temperatures of the reaction mixtures in other wells that have less thermal mass, errors can 

55 result in the amplification simply by attempting to measure the temperature. 

[0135] Accordingly, the instrument described herein calculates the sample temperature from known factors such as 
the block temperature history and the thermal time constant of the system and displays this sample temperature on 
the display. It has been found experimentally for the system described herein that if the sample tubes are pressed 
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down into the sample wells with at least a minimum threshold force F, then for the size and shape of the sample tubes 
used in the preferred embodiment and the sample volumes of approximately 100 microliters, thermally driven convec- 
tion occurs within the sample reaction mixture and the system acts thermally like a single time constant, linear system. 
Experiments have shown that each sample tube must be pushed down with approximately 50 grams of force for good 
well-wall-to-liquid thermal conductivity from well to well. The heated platen design described below is designed to push 
down on each sample tube with about 1 00 grams of force. This minimum force, symbolized by force vector F in Figure 
1 5, is necessary to insure that regardless of slight differences in external dimensions as between various sample tubes 
and various sample wells in the sample block, they all will be pushed down with sufficient force to guarantee the snug 
and flush fit for each tube to guarantee uniform thermal conductivity. Any design which has some sample tubes with 
loose fits in their corresponding sample wells and some tubes with tight fits will not be able to achieve tight temperature 
control for all tubes because of non-uniform thermal conductivity. An insufficient level of force F results in a temperature 
response of the sample liquid to a step change in block temperature as shown at 286 in Figure 14. An adequate level 
of force F results in the temperature response shown at 282. 

[0136] The result achieved by the apparatus constructed according to the teachings of the invention is that the tem- 
perature of each sample mixture behaves as it the sample is being well mixed physically during transitions to new 
temperatures. In fact, because of the convection currents caused in each sample mixture, the sample reaction mixture 
in each sample tube is being well mixed. 

[0137] The surprising result is that the thermal behavior of the entire system is like an electrical RC circuit with a 
single time constant of 9 seconds which is about 1.44 times the half-life of the decay of the difference between the 
block temperature and the sample temperture. A GeneAmp* sample tube filled with 50 millileters of sample has a time 
constant of about 23 seconds. In other words, during an upward change in temperature of the sample block, the tem- 
perature of the reaction mixture acts like the ride in voltage on the capacitor C in a series RC electrical circuit like that 
shown in Figure 16D in response to a step change in the voltage output of the voltage source V. 
[0138] To illustrate these concepts, refer to Figure 1 4 which shows different temperature responses of the sample 
liquid to a step change in block temperature and to Figure 15 which shows a cross section through a sample well/ 
sample tube combination. It has been found experimentally that when the volume of sample liquid 276 is approximately 
1 00 microliters and the dimensions of the tube are such that the neniscus 278 is located below the top surface 280 of 
the sample block 12, and the force F pushing the sample tube into the sample well is at least 30 grams, the thermal 
time constant i (tau) of the system shown in Figure 1 5 is approximately nine seconds for a sample tube wall thickness 
in the conical section of 0.009 inches (dimension A). It has also been found experimentally that for these conditions, 
the thermal time constant x varies by about 1 second for every 0.001 inch change in wall thickness for the sample tube 
frustum (cone). The thin-walled sample tubes described herein have been found to have thermal time constants of 
from about 5 to about 14 seconds when containing from 20 to 100 microliters of sample. Thicker tube walls result in 
longer time constants and more lag between a change in sample block temperature and the resulting change in sample 
liquid temperature. 

[0139] Mathematically, the expression for the thermal response of the sample liquid temperature to a change in 
temperature of the sample block is: 

(6) T sample = AT(1-e^) 

where 

T sam P ie = tne temperature of the sample liquid 

AT = the temperature difference between the temperature of the sample block 12 and the temperature of the 

sample liquid 
t = elapsed time 

t = thermal time constant of the system, or the heat capacity of sample divided by the thermal conductance 

from sample well wall to the sample liquid 

[0140] In Figure 1 4, the curve 282 represents this exponential temperature response to a theoretical step change in 
sample block temperature when the force F pushing down on the sample tube is sufficiently high. The step change in 
temperature of the sample block is shown as function 284, with rapid rise in temperature starting at time T v Note how 
the temperature of the sample liquid exponentially increases in response to the step change and asymptotically ap- 
proaches the final sample block temperature. As mentioned briefly above, the curve 286 represents the thermal re- 
sponse when the downward seating force F in Figure 15 is insufficient to cause a snug, flush fit between the cone of 
the sample tube and the wall 290 of the sample well. Generally, the thermal response of curve 286 will result if the 
force F is less than 30 grams. Note that although Figure 15 shows a small layer of air between the cone of the sample 
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tube and the sample well wall for clarity, this is exactly the opposite of the desired situation since air is a good insulator 
and would substantially increase the thermal time constant of the system. 

[0141] The thermal time constant a is analogous to the RC time constant in a series RC circuit where R corresponds 
to the thermal resistance between the wall of the sample well and the sample liquid and C is the heat capacity of the 
5 sample liquid. Thermal resistance is equal to the inverse of thermal conductance which is expressed in units watts- 
seconds per degree Kelvin. 

[0142] Because of the convection currents 292 shown in the sample liquid in Figure 15, everywhere in the reaction 
mixture the sample liquid is at very nearly the same temperature, and the flow of heat between the block and the sample 
is very nearly proportional to the difference in temperature between the sample block and the sample reaction mixture. 

10 The constant of proportionality is the thermal conductance between the wall of the sample well in the sample block 1 2 
and the reaction mixture. For different sample volumes or different tubes, i.e., different wall thicknesses or materials, 
the thermal time constant will be different. In such a case, the user can as part of his specification of the PCR protocol 
enter the sample volume or tube type and the machine will automatically look up the correct thermal time constant for 
use in calculating the sample temperature. In some embodiments, the user may enter the actual time constant, and 

15 the machine will use it for sample temperature temperature calculation. 

[0143] To keep the thermal time constant as small as possible, the conical walls of the sample tubes should be as 
thin as possible. In the preferred embodiment, these conical walls are 0.009 inches thick whereas the walls of the 
cylindrical portion of the sample tube are 0.030 inches thick. The conical shape of the sample tube provides a relatively 
large surface area of contact with the metal of the sample well wall in relation to the volume of the sample mixture. 

20 [0144] Molding of the sample tubes is done using a "cold runner system and a four cavity mold such that four sample 
tubes are mo Ided at each injection . The molten plastic is injected at the tip of the sample tube cone so that any remnant 
of plastic will project into the cavity 291 between the tip of the sample tube and the tip of the sample well. This prevents 
any remnant from interfering with the flush fit between the tube and the well. A maximum limit of 0.030 inches is placed 
on the size of any remnant plastic. 

25 [0145] In various embodiments, 3 different grades of polypropylene each with different advantages can be used. The 
preferred polypropylene is PD701 from Himont because it is autoclavable. However this plastic is difficult to mold 
because it has a low melt index. This plastic has a melt index of 35 and a molecular density of 9. PD701 tends to leave 
flash and creates somewhat spotty quality parts but would work better if it was injected into the thick walled part of the 
mold instead of at the tip of the conical section as is currently done. Generally, it is desirable to have a high melt index 

30 for ease of molding but also a high molecular density to maintain good strength and to prevent crazing or cracks under 
the thermal stress of the autoclaving process at 260°F. Another plastic, PPW 1780 from American Hoescht has a melt 
index of 75 and a molecular density of 9 and is autoclavable. Another plastic which may be used in some embmiments 
is Himont 444. This plastic is not autoclavable and needs to be sterilized in another manner. 

[0146] In alternative embodiments, the tubes may be molded using a "hot runner" or "hot nozzle" system where the 
35 temperature of the molten plastic is controlled right up to the gate of the mold. Also : in some embodiments, multiple 
gates may be used. However, neither of these techniques has been experimentally proven at the time of filing to be 
better than the currently used "cold runner" system. 

[0147] The fact that the system acts thermally like a single time constant RC circuit is an important result, because 
it means that if the thermal conductance from the sample block to the sample reaction mixture is known and uniform, 

40 the thermal response of the sample mixtures will be known and uniform. Since the heat capacity of the sample reaction 
mixture is known and constant, the temperature of the sample reaction mixture can be computed accurately using only 
the measured history of the block temperature over time. This eliminates the need to measure the sample temperature 
thereby eliminating the errors and mechanical difficulty of putting a probe with nonnegligible thermal mass into a sample 
well to measure the sample temperature directly thereby changing the thermal mass of the sample in the probed well. 

45 [0148] The algorithm which makes this calculation models the thermal behavior of the system after a single time 
constant series R-C electrical circuit. This model uses the ratio of the heat capacity of the liquid sample divided by the 
thermal conductance from the sa_ple block to the sample reaction mixture. The heat capacity of the sample reaction 
mixture is equal to the specific heat of the liquid times the mass of the liquid. The thermal resistance is equal to one 
over the thermal conductance from the sample block to the liquid reaction mixture through the sample tube walls. When 

so this ratio of heat capacity divided by thermal conductance is expressed in consistent units, it has the dimension of time. 
For a fixed sample volume and a fixed sample composition both of which are the same in- every sample well and a 
fixed thermal conductance, the ratio is also a constant for every sample well, and is called the thermal time constant 
of the system. It is the time required for the sample temperature to come within 36.8% of the block temperature after 
a sudden step change in the block temperature. 

55 [0149] There is a mathematical theorem used in the analysis of electronic circuits that holds that it is possible to 
calculate the output response of a filter or other linear system if one knows the impulse response of the system. This 
impulse response is also known as the transfer function. In the case of a series RC circuit, the impulse response is an 
exponential function as shown in Figure 1 6A. The impulse stimulus resulting in the response of Figure 1 6A is as shown 
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in Figure 16B. The mathematical theorem referred to above holds that the output response of such a linear system 
can be determined by calculating the convolution of the input signal and a weighting function where the weighting 
function is the impulse response of the system reversed in time. The convolution is otherwise known as a running 
weighted average although a convolution is a concept in calculus with infinitely small step sizes whereas a running 
weighted average has discreet step sizes, i.e.. multiple samples. The impulse response of the series RC circuit shown 
in Figure 1 6D as such that when the voltage of the voltage generator V suddenly rises and falls with a spike of voltage 
as shown in Figure 1 6B, the voltage on the capacitor C suddenly rises to a peak at 294 in Figure 1 6A which is equal 
to the peak voltage of the impulse shown in Figure 1 6B and then exponentially decays back to the steady state voltage 
Vj. The resulting weighting function is the impulse response of Figure 16A turned around in time as shown in Figure 
16Cat385. 

[0150] Superimposed upon Figure 16C is a hypothetical curve 387 illustrating a typical temperature history for the 
temperature of the sample block 12 for an approximate step change in temperature. Also shown superimposed upon 
Figure 16C are the times of five temperature sample periods labelled T 1 through T 5 . According to the teachings of the 
invention, the sample temperature is calculated by multiplying the temperature at each one of these times T 1 through 
T 5 by the value of the weighting function at that particular time and then summing ail these products and dividing by 
5. The fact that the thermal system acts like a single time constant linear circuit is a surprising result based upon the 
complexities of thermal heat transfer considerations for this complicated thermal system. 

[0151] In one embodiment, the calculation of the sample temperature is adjusted by a short delay to account for 
transport lag caused by different thermal path lengths to the block temperature sensor and the sample liquid. The 
calculated sample temperature is displayed for the user's information on the terminal 16 shown in Figure 1 . 
[0152] Figure 1 7 shows the temperature response results for six different wells spread throughout the 96 well sample 
block for a step change in sample block temperature from a relatively lower temperature in the hybridization/extension 
temperature range to the relatively higher temperature of approximately 94°C used for denaturation. The graph of 
Figure 17 shows good agreement between the predicted exponential rise in sample temperature if the system were 
perfectly analogous to the series RC circuit shown in Figure 16D, and also shows excellent uniformity of temperature 
response in that the temperatures of the six sample wells used for this study asymptotically settle in at temperatures 
very close to each other and in a denaturation temperature "tolerance" band which is approximately 0.5°C wide. 
[0153] In one embodiment, the ten most recent block temperature samples are used for the running weighted aver- 
age, but in other embodiments a different number of tempersature history samples may be used. The good agreement 
with theoretically predicted results stems from the fact that the thermal convection currents make the sample liquids 
well mixed thereby causing the system to act in a linear fashion. 

[0154] The uniformity between sample temperatures in various sample wells spread throughout the 96 well array 
results from dynamic and static local balance and local symmetry in the sample block structure as well as all the other 
thermal design factors detailed herein. Note however that during rapid temperature changes all the sample wells will 
have temperatures within 0.5°C of each other only if the user has carefully loaded each sample well with the same 
mass of sample liquid. Inequality of mass in different wells does not cause unequal temperatures in steady state, 
unchanging conditions, only during rapid changes. The mass of the sample liquid in each well is the dominant factor 
in determining the heat capacity of each sample and, therefore, is the dominant factor in the thermal time constant for 
that particular sample well. 

[01 55] Note that the ability to cause the sample liquid in all the sample wells to cycle up and down in temperature in 
unison and to stabilize at target temperatures very near each other, i.e. : in tolerance bands that are only 0.5°C wide, 
also depends upon the force F in Figure 15. This force must exceed a minimum threshold force before the thermal 
time constants of all sample wells loaded with similar masses of sample liquid will have the same time constant. This 
minimum threshold force has been experimentally determined to be 30 grams for the sample tube and sample well 
configuration described herein. For higher levels of accuracy, the minimum threshold force F in Figure 15 should be 
established at at least 50 grams and preferably 100 grams for an additional margin of safety as noted above. 
[0156] The importance of thermal uniformity in sample well temperature can be appreciated by reference to Figure 
18. This figure shows the relationship between the amount of DNA generated in a PCR cycle and the actual sample 
temperature during the denaturation interval for one instance of amplification of a certain segment of DNA. The slope 
of function 298 between temperatures 93 and 95 degrees centigrade is approximately 8% per degree centigrade for 
this particular segment of DNA and primers. Figure 1 8 shows the general shape of the curve which relates the amount 
of DNA generated by amplification; but the details of the shape of the curve vary with every different case of primers 
and DNA target. Temperatures for denaturation above 97 degrees centigrade are generally too hot and result in de- 
creasing amplification for increasing denaturation temperature. Temperatures between 95 and 97 degrees centigrade 
are generally just right. 

[0157] Figure 1 8 illustrates that any sample well containing this particular DNA target and primer combination which 
stabilizes at a denaturation temperature of approximately 93°C is likely to have 8% less DNA generated over the course 
of a typical PCR protocol than wells denatured at 94°C. Likewise, sample liquids of this mixture that stabilize at dena- 
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turation temperatures of 95»C are likely to have 8% more DNA generated therein than is generated in sample wells 
which stabilize at denaturation temperatures of 94°C. Because all curves of this nature have the same general shape, 
it is important to have uniformity in sample temperature. 

[0158] The sample temperatures calculated as described above are used by the control algorithm for controlling the 
s heaters and flow through the ramp cooling channels and to determine how long the samples have been held at various 
tarqet temperatures: The control algorithm uses these times for comparison with the desired times for each incubation 
period as entered by the user. When the times match, the control algorithm takes the appropriate steps to heat or cool 
the sample block toward the target temperature defined by the user for the next incubation. 

101591 When the calculated sample temperature is within one degree centigrade of the setpoint, i.e., the incubation 
10 eaperature programmed by the user, the control program causes a timer to start. This timer may be preset to count 
down from a number set so as to time out the interval specified by the user for the incubation being performed. The 
timer starts to count down from the preset count when the calculated sample temperature is within one degree centi- 
grade When the timer reaches a zero count, a signal is activated which causes the CPU to take actions to implement 
the next segment of the PCR protocol. Any way to time the specified interval will suffice for purposes of practicing the 

roi e 6Cll 0n Typioally, the tolerance band around any particular target temperature is plus or minus 0.5°C. Once the target 
temperature is reached, the computer holds the sample block at the target temperature using the bias cooling channels 
and the film heater such that all the samples remain close to the target temperature for the specified interval 
[0161] For the thermal system described herein to work well, the thermal conductance from the sample .block to each 

20 sample must be known and uniform to within a very close tolerance. Otherwise, not all samples will be held within he 
specified tolerance band of the target temperature when the timer starts and, not all the samples will experience the 
same incubation intervals at the target temperature. Qmhia nt 
[0162] Also, for this thermal system to work well, all sample tubes must be isolated from variables in the amb.en 
environment. That is, it is undesirable for some sample tubestobe cooled by drafts while other sample tebes ,n different 

25 physical positions do not experience the same cooling effects. For good uniformity ,t is highly desirable that the tem- 
peratures of all the samples be determined by the temperature of the sample block and by nothing els* 
[0163] Isolation of the tubes from the ambient, and application of the minimum threshold force F pushing down on 
the sample tubes is achieved by a heated cover over the sample tubes and sample block 

[0164] Even though the sample liquid is in a sample tube pressed tightly into a temperature-controlled mete block 
tightly capped, with a meniscus well below the surface of the temperature-controlled metal block, the samples still lose 
their heat upward by convection. Significant*, when the sample is very hot (the denaturation ^"f™^. 
near the boiling point of the sample liquid), the sample liquid can lose a very significant amount of heat by re fluxing o 
water vapor. In this process, water evaporates from the surface of the hot sample liquid and condenses on the inner 
walls of the cap and the cooler upper parts of the sample tub bove the top surface of the sample block. If there is a 
relatively large volume of sample, condensation continues, and condensate builds up and runs back down the walls 
of the sample tube into the reaction mixture. This "refluxing" process carries about 2300 joules of heat per gram of 
water refluxed. This process can cause a drop of several degrees in the surface temperature of a 1 00 microliter reaction 
mixture thereby causing a large reduction of efficiency of the reaction. 

[0165] If the reaction mixture is small, say 20 microliters, and the sample tube has a relatively large surface area 
40 above the top surface of the sample block, a significant fraction of the water in the reaction mixture may evaporate 
This water may then condense inside the upper part of the sample tube and remain there by surface tension during 
the remainder of the high temperature part of the cycle. This can so concentrate the remaining reaction mixture that 
the reaction is impaired or fails completely. 

[0166] In the prior art PCR thermal cyclers, this refluxing problem was dealt with by overlaying the reaction mixture 
45 with a layer of oil or melted wax. This immiscible layer of oil or wax floated on the aqueous reaction mixture and 
prevented rapid evaporation. However, labor was required to add the oil which raised processing costs. Further he 
presence of oil interfered with later steps of processing and analysis and created a possibility of contamination of the 
sample, In fact, it is known that industrial grade mineral oils have in the past contaminated samples by the unknown 
presence of contaminating factors in the oil which were unknown to the users. 
so mi671 The need for an oil overlay is eliminated, and the problems of heat loss and concentration of the reaction 
mixture by evaporation and unpredictable thermal effects caused by refluxing are avoided according to teachings 
of the invention by enclosing the volume above the sample block Into which the upper parts of the sample tubes project 
and by heating this volume from above by a heated cover sometimes hereafter also called the platen. 
[0166] Referring to Figure 1 9, there is shown a cross sectional view of the structure which is used to enclose he 
55 sample tubes and apply downward force thereto so as to supply the minimum threshold force F ,n F£« «• A heated 
platen 14 is coupled to a lead screw 312 so as to move up and down along the axis ^ mboU ^2 ^n i e Z 
rotation of the lead screw 312. The lead screw is threaded through an opening in a sliding cover 316 and . fijmed by 
a knob 318 The platen 314 is heated to a temperature above the boiling point of water by resistance heaters (not 
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shown) controlled by computer 20. 

[0169] The sliding cover 316 slides back and forth along the Y axis on rails 320 and 322. The cover 316 includes 
vertical Sides 317 and 319 and also includes vertical sides parallel to the X-Z plane (not shown) which enclose the 
sample block 1 2 and sample tubes. This structure substantially prevent drafts from acting on the sample tubes of which 
tubes 324 and 326 are typical. 

[0170] Figure 20 is a perspective view of the sliding cover31 6 and sample block 12 with the sliding cover in retracted 
position to allow access to the sample block. The sliding cover 316 resembles the lid of a rectangular box with vertical 
wall 328 having a portion 330 removed to allow the sliding cover 316 to slide over the sample block 12 The sliding 
cover is moved along the Y axis in Figure 20 until the cover is centered over the sample block 12. The user then turns 
the knob 31 8 in a direction to lower the heated platen 1 4 until a mark 332 on the knob 31 8 lines up with a mark 334 
on an escutcheon plate 336. In some embodiments, the escutcheon plate 336 may be permanently affixed to the top 
surface of the sliding cover 31 6. In other embodiments, the escutcheon 336 may be rotatable such that the index mark 
334 may be placed in different positions when different size sample tubes are used. In other words if taller sample 
tubes are used, the heated platen 14 need not be lowered as much to apply the minimum threshold force F in Figure 
15. in use, the user screws the screw 318 to lower the platen 14 until the index marks line up. The user then knows 
that the minimum threshold force F will have been applied to each sample tube. 

[0171] Referring jointly to Figures 1 5 and 1 9, prior to lowering the heated platen 1 4 in Figure 1 9, the plastic cap 338 
for each sample tube sticks up about 0.5 millimeters above the level of the top of the walls of a plastic tray 340 (Figure 
19) which holds all the sample tubes in a loose 8x12 array on 9 millimeter centers. The array of sample wells can hold 
up to 96 MicroAmp" PCR tubes of 100 uL capacity or 48 larger GeneAmp™ tubes of 0.5 ml capacity. The details of 
this tray will be discussed in greater detail below. The tray 340 has a planar surface having an 8x12 array of holes for 
sample tubes. Th.s planar surface is shown in Figures 15 and 19 as a horizontal line which intersects the sample tubes 
324 and 326 in Figure 1 9. Tray 340 also has four vertical walls two of which are shown at 342 and 344 in Figure 1 9 
The top level of these vertical walls, shown at 346 in Figure 15, establishes a rectangular box which defines a reference 
25 plane. 

[0172] As best seen in Figure 15, the caps 338 for all the sample tubes project above this reference plane 346 by 
some small amount which is designed to allow the caps 338 to be softened and deformed by the heated platen 14 and 
•squashed" down to the level of the reference plane 346. In the preferred embodiment, the heated platen 14 is kept at 
a temperature of 105'C by the CPU 20 in Figure 1 and the bus 22 coupled to resistance heaters (not shown) in the 
platen 14. In the preferred embodiment, the knob 318 in Figure 19 and the lead screw 312 are turned until the heated 
platen 14 descends to and makes contact with the tops of the caps 338. In the preferred embodiment, the caps 338 
for the sample tubes are made of polypropylene . Th ese caps soften shortly after they come into contact with the heated 
platen 14. As the caps soften, they deform, but they do not lose all of their elasticity. After contacting the caps the 
heated platen .s lowered further until it rests upon the reference plane 346. This further lowering deforms the caps338 
and causes a minimum threshold force F of at least 50 grams to push down on each sample tube to keep each tube 
well seated firmly in its sample well. The amount by which the caps 338 project above the reference plane 346 and 
the amount of deformation and residual elasticity when the heated platen 14 rests upon the reference plane 346 is 
designed such that a minimum threshold force F of at least 50 grams and preferably 1 00 grams will have been achieved 

m Z I SamP ' e ' UbeS th8n PreS6nt 3fter the heated platen 1 4 has desc ended to the level of the reference plane 346 
[0173] The heated platen 14 and the four vertical walls and planar surface of the tray 340 form a heated sealed 
compartment when the platen 14 is in contact with the top edge 346 of, the tray. The plastic of the tray 340 has a 
relatively poor thermal conductivity property. It has been found experimentally that contacting the heated platen 14 
with the caps 33B and the isolation of the portion of the sample tubes 288 which project above the top level 280 of the 
sample block 1 2 by a wall of material which has relatively poor thermal conductivity has a beneficial resuft With this 
structure, the entire upper part of the tube and cap are brought to a temperature which is high enough that little or no 
condensation forms on the inside surfaces of the tube and cap since the heated platen is kept at a temperature above 
the boiling point of water. This is true even when the sample liquid 276 in Figure 15 is heated to a temperature near 
its boiling point. This eliminates the need for a layer of immiscible material such as oil or wax floating on top of the 
sample mixture 276 thereby reducing the amount of labor involved in a PCR reaction and eliminating one source of 

50 possible contamination of the sample. 

[0174] It has been found experimentally that in spite of the very high temperature of the heated cover and its close 
prox.mity to the sample block 12, there is little affect on the ability of the sample block 12 to cycle accurately and rapidly 
between high and low temperatures. 

[0175] The heated platen 14 prevents cooling of the samples by the refluxing process noted earlier because it keeps 
the temperature of the caps above the condensation point of water thereby keeping the insides of the caps dry This 
also prevents the formation of aerosols when the caps are removed from the tubes. 

[0176] The heated platen prevents loss of solvent from the reaction mixtures when the samples are being incubated 
at temperatures near their boiling point. In more detail a heated platen covers the tops of the sample tubes and is in 
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contact with an individual cap which provides a gas-tight seal for each sample tube. The heat from the plater .heats 
?he uooeTparts oleach sampk* tube and the cap temperature above the condensation point such that no condensation 
and rSuxino^ur^ with* any sample tube. Condensation represents a re.ative.y large heat transfer s,nce an amount 
TueTe^ hea f vaporizaL is given up when water vapor condenses. This cou.d cause .arge temperature 
vaSuons rom ampte to sample if the condensation does not occur uniformly. The heated platen prevents any con- 
densation from o3ng in an'y sampfe tube thereby minimizing this source of potential temperature errors. The use 

S5f ^J^-TJoCl. plastic of each cap but does not tota„y destroy the caps ^sticity Thus, a 

forced b successfully applied to each tube despite differences ,n tube he.ght from tube 

0 n ch an aC! caps, it would L touch the three tallest tubes. As further, J^^!^^ 
tubes were compressed somewhat, the platen would begin to touch some caps of lower tubes^ There is a^"« 

msmm 

LonrantstuTcnle^^ 

by eliminating the manufacturing tolerance errors which .ead to drffenng tube helg te as a factor 
[0182] In alternative embodiment ^ 

S,St iL^:^e7bo h dSent. 96 individual springs could be mounted on the platen so that each spring 

mmmmmM 
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100-C In ihi, '™ n ,™ C B 110 0 18 >•* » Pmv.nl relluxing sine. Ihe boiling poinl ol »ai.r In 

the heated platen ,4 un the toS^TETi?* "V" ^ 318 iS ,Urned C '° CkWiSe t0 l0wer 
This guarantees that all tut™ hTT ■ meS Up W ' th ,he index mark 334 as Previously positioned. 

S33" and^T T!l a r! eW SamP ' e ,U " eS ^ P ' aCe ' " Wi " takS ° n, y a sma » a ™ u "< * torque to line up the index 
However the user i a™, ha ? V f 9 1 doWnward ™^™nt of the heated platen 14 as the caps deform 

luiyjj m alternative embodiments, the index marks qq? an H qq/j r^., k~ . . " oia " ll ^»y same. 
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reached the top edge or reference plane 346 and the plastic frame 342 has stopped further downward movements 
the heated platen 1 4. Obviously in this alternative embodiment, and preferably in the index mark embodiment deserted 
above, the plastic of the frame 342 will have a melting temperature which is sufficiently high to prevent deformation of 
the plastic of the frame 342 when it is in contact with the heated platen 14. In the preferred embodiment, the plastic of 

5 the frame 342 is celanese nylon 1503 with a wall thickness of 0.05 inches. 

0194] An advantage of the above described system is that sample tubes of different he.ghts may be used simply 
byusingfrarr.es 342 having differentheights.Theframe342shouldhavea heightwhich is ^P™^ 8 ^ 0 ;^^ 
shorter than the plane of the tips of the capped tubes when both are seated ,n the sample bio*. In the preferred 
embodiment, two different tube heights are used. The range of motion of the lead screw 2 wh£ , dnves the heated 

10 platen 14 in Figure 19 must be sufficient for all the different sizes of sample tubes to be used. Of course, during any 
Darticular PCR processing cycle, all tubes must be the same height. 

?0195 The system described above provides uniform temperatures in ,he sample block, uniform thermal conduct- 
ance from blockto sample, and isolation of the sample tubes from the vagaries of the ambient environment. Anynumbe 
of sample tubes up to 96 may be arrayed in the microtiter plate format. The system allows ac - ra,et f m P e ;f °' 
15 for a very large number of samples and a visual indication of the sample temperatures for all samples wrthout actual* 
measurinq the temperature of any sample. . m . m .„ ki „u 

[0196] As the container for PCR reactions, ft has been common in the prior art to use polypropylene tubes ^ "h h 
were originally designed tor microcentrifuges. This prior art tube had a cylindrical cross-section closed at the top by a 
snap-on cap which makes a gas-tight seal. This prior art tube had a bottom section wh,ch compnsed the frustrum of 
20 a cone with an included angle of approximately 17 degrees. 

[0197] When such a conical sample tube is pressed down into a sample well of a sample block wth a corneal cavtty 
wi h the same included angle, and when the sample mixture in the tube lies entirely wrth.n the conical volume and 
Sow th top urface of the sample block, the thermal conductance between the b.ock and the squri ^car , be made 
adequately predictable for good unKormtty of sample temperature throughout the array. To achieve 
of the thermal conductance between the sample block and the sample mixture the included angles of the , con cal tube 
andthesamplewellmustmatch closely, andthe conical surfaces ofthe tube and well must be smooth "^togsHw 
I flush relation. Further, the minimum threshold force F must be applied to each sample tube to press each tube tightly 
nto the sample well so that it does not rise up or loosen in the well for any reason dunng , thetnal eye mg such as 
steam formation from trapped liquid in space 291 in Figure 15. Finally, each tube must be 

of sample liquid. If the above listed condrtions are met, the thermal conductance between the sample block and the 
samXiq id in each tube v^.l be predominantly deten^ined by the conductance of the conical plastic 
15 and a boundary layer, (not shown) of the sample liquid at the inside surface 370 of the corneal samp e tube , wall 
[0198] The thermal conductance of the plastic tube walls is determined by their h.ckness wh.c * can be closely 
controlled by the injection molding method of manufacture of the tubes. The sample liquid .n all the sample tubes has 
35 virtually identical thermal properties. . „ nKf 

[0199] It has been found by experiment and by calculation that a molded, one-piece, 96-well microtite plate ,s only 
marginally feasible for PCR because the differences in the thermal expansion coefficients ^tween a^m.num ^ nd 
plasSc lead to dimensional changes which can destroy the uniformity of thermal cond ucta nee o J e^m ^ 
across the array. That is, since each well in such a one-piece plate is connected to each other we I th rough the surface 
of the plate, the distances between the wells are determined at the time of initial manufacture of the plate but change 
with changing temperature since the plastic of the plate has a significant coefficient of thermal expansion. A, o dis- 
tances between the sample we.ls in the metal sample block 12 are dependent upon the temperature of the sample 
Sock since aluminum also has a significant coefficient of therma. expansion which is different than that «J f pM* To 
have good thermal conductance, each sample well in a one-piece 96-well microliter plate would have t ,« almost 
perfectiy in the corresponding well in the sample block at all temperatures. Since the temps ™^ "^f^^ 
chanaes over a very wide range of temperatures, the distances between the sample wells in the sample block vary 
c,^ 

different the distances of the well separation in the sample block would vary differently over changing temperatures 
than would the distances between the sample wells of a plastic, one-piece, 96-well microtiter plate^ 
[0200] Thus, as an important criteria for a perfect fit between a sample tube and the corresponding sampfe , well, ver 
he PCR temperature range, it is necessary that each sample tube in the 96-well array be individually free ^to move 
laterally and each tube must be individually free to be pressed down vertically by whatever amount .s necessary to 
make flush contact with the walls of the sample well. individual 
[0201] One preferred design for a disposable plastic 96-well microtiter plate for accommodation of up to 96 indivi^a 
ample tubes containing DN A for thermal cycling each sample tube having individual freedom of movemen sufficient 
to find the best fit with the samp.e block under downward pressure from a heated cover. The m.croti ar p a te des gn^ 
by allowing each tube to find the best fit, provides high and uniform thermal conductance U ™* s *™^. b ^* 
each sample tube even if differing rates of thermal expansion and contraction between the metal of the block and the 
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plastic of the sample tube and microliter plate structure cause the relative center-to-center dimensions of the wells in 
the sample block to change relative to the center-to-center distance of the sample tubes in the disposable microtiter 
plate structure. 

[0202] The sample tubes used in the invention are different from the prior art microcentrifuge tubes in that the wall 
5 thickness of the conical frustrum position of the sample tube is much thinner to allow faster heat transfer to and from 

the sample liquid. The upper part of these tubes has a thicker wall thickness than the conical part. In Figure 15, the 

wall thickness in the cylindrical part 28B in Figure 15 is generally 0.030 inches while the wall thickness for the conical 

wall 368 is 0.009 inches. Because thin parts coo) faster than thick parts in the injection molding process, it is important 

to get the mold full before the thin parts cool off. 
10 [0203] The material of the sample tubes must be compatible chemically with the PCR reaction. Glass is not a PCR 

compatible material, because DNA sticks to glass and will not come off which would interfere with PCR amplification. 

Preferably an autoclavable polypropylene is used. Three types of suitable polypropylene were identified earlier herein. 

Some plastics are not compatible with the PCR process because of outgassing of materials from the plastic or because 

DNA sticks to the plastic walls. Polypropylene is the best known class of plastics at this time. 
15 [0204] Conventional injection molding techniques and mold manufacture techniques for the injection mold will suffice 

for purposes of practicing the invention. 

[0205] The use of cone shaped sample tubes translates substantially all manufacturing tolerance errors to height 
errors, i.e... a variance from tube to tube in the height of the tip of the cap to the top of the sample block when the 
sample tube is seated in the sample well. For example, an angle errorfor the angle of the sample tube walls is converted 
20 to a height error when the tube is placed in the sample block because of the mismatch between the tube wall angle 
and the sample well wall angle. Likewise, a diameter error in the dimensions of the cone would also translate into a 
height error since the conical part of the tube would either penetrate deeper or not as much as a properly dimensional 
tube. 

[0206] For good uniformity of thermal conductance across the array, a good fit between the sample tubes and the 
25 sample well must exist for all 96-wells over the full temperature range of 0 to 1 00° C regardless of differences in thermal 
expansion rates. Also, each of the 96 sample tubes must have walls with dimensions and wall thicknesses which are 
uniform to a very high degree. Each sample tube in which sample mixture is to be held should be fitted with a removable 
gas-tight cap that makes a gas-tight seal to prevent loss of water vapor from the reaction mixture when this mixture is 
at or near its boiling point such that the volume of the sample mixture does not decrease. All these factors combine to 
30 make a one-piece microtiter plate with 96 individual sample wells extremely difficult to manufacture in a manner so as 
to achieve uniform thermal conductance for all 96 wells. 

[0207] Any structure which provides the necessary individual lateral and vertical degrees of freedom for each sample 
tube will suffice for purposes of practicing the invention. 

[0208] According to the teachings of the preferred embodiment of the invention, all the above noted requirements 

35 have been met by using a 4 piece disposable plastic system. This system gives each sample tube sufficient freedom 
of motion in all necessary directions to compensate for differing rates of thermal expansion and yet retains up to 96 
sample tubes in a 96 well microtiter plate formatf or user convenience and compatibility with other laboratory equipment 
which is sized to work with the industry standard 96-well microtiter plate. The multi-piece disposable plastic system is 
very tolerant of manufacturing tolerance errors and the differing thermal expansion rates over the wide temperature 

40 range encountered during PCR thermal cycling. 

[0209] Figures 21 A and 21 B show alternative embodiments of most of the four piece plastic system components in 
cross-section as assembled to hold a plurality of sample tubes in their sample wells with sufficient freedom of motion 
to account for differing rates of thermal expansion. Figure 45 shows all the parts of the disposable plastic microtiter 
plate emulation system in an exploded view. This figure illustrates how the parts fit together to form a microtiter plate 

45 with all the sample tubes loosely retained in an 8X1 2 microtiter plate format 96 weil array. Figure 22 shows a plan view 
of a microtiter plate frame 342 according to the teachings of the invention which is partially shown in cross-section in 
Figures 21 A and 21 B. Figure 23 shows a bottom view plan view of the frame 342. Figure 24 is an end view of the frame 
342 taken from view line 24-24' in Figure 22. Figure 25 is an end view of the frame 342 taken from view line 25-25' in 
Figure 22. Figure 26 is a cross section through the frame 342 at section line 26-26' in Figure 22. Figure 27 is a cross 

so sectional view through the frame 342 taken along section line 27-27' in Figure 22. Figure 2B is a side view of the frame 
342 taken along view line 28-28' in Figure 22 with a partial cut away to show in more detail the location where a retainer 
to be described below clips to the frame 342. 

[0210] Referring jointly to Figures 21 A, 21 B and 22 through 28, the frame 342 is comprised of a horizontal plastic 
plate 372 in which there are formed 96 holes spaced on 9 millimeter centers in the standard microtiter plate format. 
55 There are 8 rows labeled A through H and 1 2 columns labeled 1 through 1 2. Hole 374 at row D, column 7 is typical of 
these holes. In each hole in the frame 342 there is placed a conical sample tube such as the sample tube 376 shown 
in Figure 15. Each sample tube is smaller in diameter than the hole in which it is placed by about 0.7 millimeters, so 
<■ that there is a loose fit in the hole. This is best seen in Figures 21 A and 21 B by observing the distance between the 
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inside edge 378 of a typical hole and the side wall 380 of the sample tube placed therein. Reference numeral 382 in 
Figures 21 A and 21 B shows the opposite edge of the hole which is also spaced away from the outside wall of the 
cylindrical portion of the sample tube 376. 

[021 11 Each sample tube has a shoulder shown at 384 in Figures 15, 21 A and 21 B. This shoulder is molded around 
5 the entire circumference of the cylindrical portion 288 of each sample tube. The diameter of this shoulder 384 is large 
enough that it will not pass through the holes in the frame 342, yet not so large as to touch the shoulders of the adjacent 
tubes in neighboring holes. 

[02121 Once all the tubes are placed in their holes in the frame 342, a plastic retainer 386 (best seen in Figures 21 A 
and 21 B and Figure 45) is snapped into apertures in the frame 342. The purpose of this retainer is to keep all the tubes 
10 in place such that they cannot fall out or be knocked out of the frame 342 while not interfering with their looseness of 
fit in the frame 342. The retainer 386 is sized and fitted to the frame 342 such that each sample tube has freedom to 
move vertically up and down to some extent before the shoulder 384 of the tube encounters either the retainer 386 or 
the frame 342 Thus, the frame and retainer, when coupled, provide a microtiter plate format for up to 96 sample tubes 
but provide sufficient horizontal and vertical freedom such that each tube is free to find its best fit at all temperatures 
is under the influence of the minimum threshold force Fin Figure 15. 

[0213] A more clear view of the sample tube and shoulder may be had by reference to Figures 29 and 30. Figures 
29 and 30 are an elevation sectional view and a partial upper section of the shoulder portion, respectively, of a typical 
sample tube. A plastic dome-shaped cap such as will be described in more detail below is inserted into the sample 
tube shown in Figure 29 and forms a hermetic seal with the inside wall 390 of the top at the sample tube. A ridge 392 
20 formed in the inside wall of the sample tube acts as a stop for the dome-shaped cap to prevent further penetration. 
Normally, the dome-shaped caps come in strips connected by web. _ , , 

[02141 Figure 31 shows three caps in elevation view connected by a web 394 and terminated in a tab 396. The tab 
aids tile user in removing an-entire row of caps by a single pull. Normally, the web 394 rests on the top surf ace 398 of 
the sample tube and prevents further penetration of the cap Into the sample tube. Each cap includes a ridge 400 which 
forms the hermetic seal between the cap and the inside wall of the sample tube. Figure 32 shows a top view of three 

caps in a typical strip of 12 connected caps. , 

[021 5] For a more detailed understanding of the retainer, refer to Figures 33 through 37. Figure 33 is a top view of 
the plastic retainer. Figure 34 is an elevation view of the retainer taken along view line 34-34' in Figure 33. Figure 35 
is an end elevation view of the retainer taken along view line 35-35' in Figure 33. Figure 36 is a sectional v.ew taken 
along section line 36-36' in Figure 33. Figure 37 is a sectional view through the retainer taken along section line 37-37 

[0216] r9 Referring jointly to Figures 33-37, the retainer 386 is comprised of a single horizontal plastic plane 402 sur- 
rounded by a vertical wall 404. The plane 402 has an 8 x 12 array of 96 holes formed therein divided into 24 groups 
of four holes per group. These groups are set off by ridges formed in the plane 402 such as ridges 406 and 408. Each 
hole of which hole 410 is typical, has a diameter D which is larger than the diameter D n in Fig. 29 and smaller than 
the diameter D 2 . This allows the retainer to be slipped over the sample tubes after they have been placed .n the frame 
342 but prevents the sample tubes from falling out of the frame since the shoulder 384 is too large to pass through the 

[MIT] 1 ° The retainer snaps into the frame 342 by means of plastic tabs 41 4 shown in Figures 34 and 36. These plastic 
tabs are pushed through the slots 416 and 418 in the frame as shown in Figure 23. There are two plastic tabs 414, 
one on each long edge of the retainer. These two plastic tabs are shown as 41 4A and 41 4B in Figure 33. 
[02181 The frame 342 of Figures 22-28, with up to 96 sample tubes placed therein and with the retainer 386 snapped 
into place, forms a single unit such as is shown in Figures 21 A and 21 B which can be placed in the sample block 12 
for PCR processing. , . . 

[02191 After processing, all the tubes may be removed simultaneously by lifting the frame 342 out of the sample 
block. For convenience and storage, the frame 342 with sample tubes and retainer in place can be inserted into another 
plastic component called the base. The base has the outside dimensions and footprint of a standard 96-well microliter 
plate and is shown in Figures 38 through 44. Figure 38 is a top plan view of the base 420. while Figure 39 is a bottom 
plan view of the base. Figure 40 is an elevation view of the base taken from view line 40-40" in F.gure 38. Figure 41 is 
50 an end elevation view taken from view line 41 -41 • in Figure 3B. Figure 42 is a sectional view taken through the base 
along section line 42-42 in Figure 38. Figure 43 is a sectional view through the base taken along section l.ne 43-43 
in Fiqure 38 Figure 44 is a sectional view taken along section line 44-44' in Figure 38. 

[0220] The base 420 includes a flat plane 422 of plastic in which an 8 x 12 array of holes with sloped edges is formed. 
These holes have dimensions and spacing such that when the frame 342 is seated in the base, the bottoms of he 
55 sample tubes fit into the conical holes in the base such that the sample tubes are held in the same relationship to he 
frame 342 as the sample tubes are held when the frame 342 is mounted on the sample block. Hole 424 is typical of 
the 96 holes formed in the base and is shown in Figures 38, 44 and 43. The individual sample tubes, though loosely 
captured between the tray and retainer, become firmly seated and immobile when the frame is inserted in the base. 
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The manner in which a typical sample tube 424 fits in the base is shown in Figure 44. 

[0221] In other words, when the frame, sample tubes and retainer are seated in the base 420 the entire assembly 
becomes the exact functional equivalent of an industry standard 96-well microliter plate, and can be placed in virtually 
ar^rautomatecl pipetting or sampling system for 96-well industry standard microtiter plates for further processing 
[0222 After the sample tubes have been filled with the necessary reagents and DNA sample to be amplified the 
sample tubes can be capped. In an alternative embodiment of the cap strip shwon in Figures 31 and 32 an entire'mat 
of 96 caps with a compliant web connecting them in an 8 x 12 array may be used. This web, shown at 394 in Figure 
31 must be suff.ciently compliant so that the caps do not restrain the sample tubes from making the small motions 
these sample tubes must make to fit perfectly in the conical veils of the sample block at all temperatures 
[0223] The assembly of tubes, caps frames, retainer and base is brought after filling the tubes to the thermal cycler 
There, the frame, capped tubes and retainer plate are removed from the base as a unit. This unit is then placed in the 
sample block 12 to make the assembly shown in Figure 21A or 21 B with the tubes loosely held in the conical wells in 
the sample block. As shown in Figure 21, the frame 342 is seated on the top surface 280 of the guardband In the 
preferred embodiment, the ridge 366 extends down into the groove 78 of the guardband, but this is not essential 
[0224] Next, the heated cover is slid overthe samples, and the heated platen is screwed down as previously described 
until it contacts the top edge 346 of the frame 342. 

[0225] Within seconds after the heated platen 14 in Figure 1 9 touches the caps, the caps begin to soften and yield 
underthe downward pressure from the lead screw 312 in Figure 19. The user then continues to turn to knob 316 until 
the .ndex marks 332 and 334 in Figure 20 line up which indicates that every sample tube has been tightly pressed into 
the sample block with at least the minimum threshold force F and all air gaps between the heated platen 1 4 the sample 
b ock and the top edge 346 of the frame 342 have been tightly closed. The sample tubes are now in a completely 
closed and controlled environment, and precision cycling of temperature can begin. 

[0226] At the end of the PCR protocol, the heated platen 1 4 is moved upward and away from the sample tubes and 
the heated cover 316 is slid out of the way to expose the frame 342 and sample tubes. The frame, sample tubes and 
retainer are then removed and replaced into an empty base, and the caps can be removed. As each cap or string of 
caps is pulled off, the retainer keeps the tube from coming out of the tray. Ribs formed in the base (not shown in Figures 
38-44) contact the retainer tabs 414A and 414B shown in Figure 33 to keep the retainer snapped in place such that 
the force exerted on the tubes by removing the caps does not dislodge the retainer 386 

[0227] Obviously, the frame 342 may be used with fever than 96 tubes if desired. Also, the retainer 386 can be 
removed if desired by unsnapping it. 

[0228] A user who wishes to run only a few tubes at a time and handle these tubes individually can place an empty 
frame 342 without retainer on the sample block. The user may then use the base as a "test tube rack" and set up a 
small number of tubes therein. These tubes can then be filled manually and capped with individual caps The user may 
then transfer the tubes individually into wells in the sample block, close the heated cover and screw down the heated 
platen 14 unt.l the marks line up. PCR cycling may then commence. When the cycling is complete, the cover 316 is 
removed and the sample tubes are individually placed in an available base. The retainer is not necessary in this type 
of usage. /r 

[0229] Referring to Figures 47A and 47B (hereafter Figure 47), there is shown a block diagram for the electronics 
or a preferred embodiment of a control system in a class of control systems represented by CPU block 10 in Figure 1 
The purpose of the control electronics of Figure 47 is, inter alia, to receive and store user input data defining the desired 
PCR protocol, read the various temperature sensors, calculate the sample temperature, compare the calculated sample 
temperature to the desired temperature as defined by the user defined PCR protocol, monitor the power line voltage 
and control the film heater zones and the ramp cooling valves to carry out the desired temperature profile of the user 
denned PCR protocol. 

[0230] A microprocessor (hereafter CPU) 450 executes the control program described below and given in Appendix 
C m source code form. In the preferred embodiment, the CPU 450 is an OKI CMOS 8085. The CPU drives an address 
bus 452 by which various ones of the other circuit elemenls in Figure 47 are addressed. The CPU also drives a data 
bus 454 by which data is transmitted to various of the other circuit elements in Figure 47. 

[0231] The control program of Appendix C and some system constants are stored in EPROM 456. User entered data 
and other system constants and characteristics measured during the install process (install program execution de- 
scribed below) are stored in battery backed up RAM 458. A system clock/calendar 460 supplies the CPU 450 with date 
and time information, for puiposes of recording a history of events during PCR runs and the duration of power failures 
as described below in the description of the control software. 

[0232] An address decoder 462 receives and decodes addresses from the address bus 452 and activates the ap- 
propriate chip select lines on a chip select bus 464. 

[0233] The user enters PCR protocol data via a keyboard 466 in response to information displayed by CPU on display 
468. The two way communication between the user and the CPU 450 is described in more detail below in the user 
interface section of the description of the control software. A keyboard interface circuit 470 converts user keystrokes 
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10 



15 



executed corresponded to the PCR protocol des »™ oy we u data as ^ 

Z^san y e r rna,co 7r r ; o„ 

[02 37] *£^^Xp^Sl P 2 a r s decoder^ and the chip select bus 464. The CPU then 
power-up, the C ™*°f^^Z^l t0 program , he PIC 482 regarding which registers are to be output ports 
wntes a data word to the PIC via data bus w prog registers to store data words written 

various ouS signals .rem the PAL 484. These different states and associated output signals are what contro. the 
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m,«f rty !°' ccndition ' and shut down *e Wacs via signals on lines 552 or 554 

59 c 5 S^zzifZS!!^!^ 'r Figure / 9, this data is written to the umers durin 9 in, - ai 

temperature of 94- C is called fo Tv fh* .1, ? ! ^'^ ASSUmS 3 rapW ramp up to the Saturation 

P C ,s called for by the user setpomt data for an interval which includes the sample interval between 
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times 592 and 594 Accordingly, the film heaters will be on for most of the period. Assume that the central zone heater 
The on for aLuLe Sim half cycles during the samp.e period. In this case, the CPU 450 wntes a three .n o 
he counter in PIT 472 associated with the central zone heater during interval 590. This wnte operator, automatically 
causes te m" t0 issue a « shu , off signal on the particular control line of bus 592 which con.ro s the centra, zone 
beater Th s "shut off" signa! causes the PAL 4B4 to issue a "shut off signal on the particular one of the signa i. I.nes un 
bus 538 associated with the central zone. The triac driver 530 then shuts off at the next zero cross.ng, ..e at tame 592^ 
The P T eceive 3 a pulse train of positive-going pu.ses on line 594 from the PAL 484. These pulses «^«- * 
the zero-crossing pulses on 2-line bus 568 by PAL 484 into positive going pulses at all zero crossing pulses on 2-hne 
bus 568 £1 PA 484 into positive going pulses at all zero crossings on a single line, i.e., line 594. The tamer ,n PIT 472 
^2Zm film heaterzone starts counting downfrom Its present count of 3 using the hal cycle ; mar , g 
Tu se le 594 as its clock. At the end of the third half cycle, this timer reaches O and causes its etfpu £n£n. 
on bus 592 to change states. This transition from the off to on state is shown at 596 in Figure 49. This transition is 
mmunicated ^484 and causes it to change the state of the appropriate output signal on bus 538 to switch he 
^ drive 530 on at the third zero-crossing. Note that by switching the triacs on at the zero crossings as ,s done n 
TXZSeZo2e^, switching off of a high current flowing through an inductor (the film heater conductor) is 
avoided ^femSesthegeneration of radio frequency interference or other noise. Note that the techn.que of ^ 
fno fportaoToTeach half cycle to the film heater in accordance with the calculated amount of power needed w.11 also 
1 a's an aL-n^ve embodiment, but is not preferred because of the noise generated by this technique 
[0254] The other timers of PIT 472 and 474 work in a similar manner to manage the power applied to the other heater 
7 „.. s anc i to the heated cover in accordance with power calculated by the CPU. 
pS] fZi oXgtcont^ 

nowe calculations performed during each sample period indicate that ramp cooling power is needed, the CPU 450 
P hh1« -Z TrileMetece controller (PIC) 482. A data word is then written into the appropriate register to dnve 
S tp S t ^- pat of monostable multivibrators 602 and 604 and causes each to em 
a inc Tpulse on tines 606 and 608, respectively. These pulses each have peak currents just under 1 ampere and a 
£ of approximately 1 00 milliseconds. The purpose of these pu.ses is to drive ^m****^ that 
control flow through the ramp cooling channels very hard to turn on ramp cooling flow qu.ckly The pu.se on line 606 
■Z I Hriwlr 6?0 to around a line 61 2 coupled to one side of the solenoid coil 614 of one of the solenoid operated 
v S es is coup-ed to a power supply "rair 616 at + 24 volts 

576 The one shot 602 controls the ramp cooling solenoid operted valve for flow ,n one direction, and the one shot 604 
controls the solenoid operated valve for flow in the opposite direction. 

r02561 Simultaneously, the activation of the RCOOL signal on line 600 causes a dnve 618 to be activated, i nis 
dr^r grounds the , ine g 2 through a current limiting resistor 620. The value of this current hmiting resistor » such that 

JecurS 

?oiaSSZ. transient characterise that require large currents to turn on a so.enoK <*£^™£ 
stantiallv less current to keep the valve open. When the 100 msec pulse on line 606 subs.des, the driver 612 ceases 
£ 61 P 2 leaving or* the ground connection through the resistor 620 and driver 61 8 for hold.ng 

SL? The solenoid valve 614 controls the flow of ramp cooling coolant through the ^mple btiock in « ,nty 1/2 the 

^££l^*»t^t«<V^ and comparing it to the desired ^^ZXytZX^ 
is no lonaer needed the RCOOL signal on line 600 is deactivated. This is done by the CPU 450 by addressing the 
P, ^482 and wX dlta to ft which reverses the state of the appropriate bit in the register in P.C 482 which ,s coupled 

!o259 e j 6 °The PIT 474 also has two other tamers therein which time a 20 Hz interrupt and a heating LED which gives a 
visible indication when the sample block is hot and unsafe to touch. i n „ Arr „ r , kPV 

[0260] The system also includes a beeper one shot 630 and a beeper 632 to warn the user when an incorrect key 

ha Th b e e ;:ogrammab,e interrupt controller 476 is used to detect 7 interrupts; Level 1 - test; Leva. 2-2C .Hz .Level 
3 Transmit Ready; Level 4 - Receive ready; Leve. 5 - Keyboard interrupt; Level 6 - Ma.n heater turn on, and, Level 7 

£L? TSperiJhera, interface controller 482 has four outputs (not shown) for controlling the 
494. These signals MUX1 EN and MUX2 EN enable one or the other of the two 

signals MUX O and MUX 1 control which channel is selected for input to the ampl.fier 578. These s.gnals are managed 
so that only one channel from the two multiplexers can be selected at any one time. 
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fh 263] f™™',™" 81 r6SetS 9 time0U, ° ne shot 632 for the heaters wnich dis ables the heaters via activation of 
the signal TIMEOUT EN to the PAL 464 if the CPU crashes. That is, the one shot 632 has a predetermined S 

ZVuZ ! eaCh ,ri " er b6f0re U aCtiVa,6S ,hS S ' 9na ' ™ EOUT EN * whfcb tables' a., £Z£ ones 
to caul ? r T 3 r ° Ut : ne Peri0diCa " y Whi ° h addreSSeS the PIC 482 and writes data to the appropriate register 
to cause activation of a signal on line 634 to trigger the one shot 632. If the CPU 450 "crashes" for any reason and 
does not execute this routine, the timeout one-shot 632 disables all the heater zones 

[0264] The PIC 482 also has outputs COVHTR EN* and BLKHTREN* (not shown) for enabling the heated cover and 
the b£X. °' ^ S '' 9na,S **• ** ™ « ^ ,he CPU 450 ' The^-output to 

S Tie P,r ^ f 0 ° U , tPUtS Si9na ' S BEEP a " d BEEPCLR * ° n bu * 640 to control the beeper one shot 630 
ecSof^PR^ 

section of EPROM 456 and the low address section of battery RAM 458. Two other signals PAGE SEL 0 and PAGE 
5=tL 1 (not shown) are output to select between four 16K pages in EPROM 456 

[0267] The four temperature sensors are National LM 135 zener diode type sensors with a zener voltage/temperature 
4 6 P Th« 

ranno Th! J ° >? * Var ' 6S "° m a PP ro,<imate| y 5 ™ nA to 615 jiA over the 0°C to 1 0O'C operating 

range. The zener self heating varies from 1 .68 mW to 2.1 0 mW over the same range operating 

bv 2 a 6 n WvIkZT™ 7? ^ "i™ ^ ^ ™ e V °' ta9eS ° n lines 488 and 490 amplified 

AD7672 w^h 1 inn , r 6 r 7 ^ * ' UnCti ° n °' V «" = 3 * V '» " 7 ' 5 ' The MD "86 is an 

o«r f Z r mpUt t : ange fr0m 0 " 5 volts Witn the zenertemperature sensor output from 2.73 to 3.73 volts overthe 

D Input range.' 3 " 96 ' 0lJ,PUt °' * - ^ * ° 69 ^ t0 3 69 V ° ttS ' Which is comfortab, V w « hin 

[0269] The key to highly accurate system performance are good accuracy and low drift with changes in ambient 
temperature^ Both of these goals are achieved by using a precision vo.tage reference source. 

the ZTrtl ? fin 1 C ° n, "7 USly ™ nitorin 9 its 0U, P ut th ™9 n the same chain of electronics as are used to monitor 
the outputs of the temperature sensors and the AC line voltage on line 51 0 

vl°L Th6 H C ,f br !f >n 7011396 9enera,0r 506 ° U,PU,S ^ precision vo,ta 9 es on lines 650 and 652. One voltage is 
3.75 volts and the other » 3.125 volts. These voltages are obtained by dividing down a regulated supply voltage urtw 
a stnng of ultralow drift, integrated, thin film resistors with a 0.05% match between resistors and a 5 ppSgree C 
temperature dnf. coefficient between resistors. The ca.ibration voltage generator a.so generates -5 S m 
converter reference voltage and -7.5 volts for the instrumentation amplifier offset. These two voltages are communi 
cated to the A/D 486 and the amplifier 578 by lines which are not shown. These two negative vottages arj geneTated 

atiZ IS L fi ' m r6SiSt0r and ° P 27 GZ ° P " am P s < not shown >- The gain setting SZ ^ forTe oper 

atonal amplrf.er 578 are also the ultralow drift, thin-film, integrated, matched resistors. P 

mZnt „ ■ , 6 firmWare ' COn1r0, electronics and tne block design are designed such that well-to-well and instru- 

ment-to-instrument transportability of PCR protocols is possible 

S a nH 9 K th , r ° U9hPUt lab0ra,0r1es benefit ,rom instruments which are easy to use for a wide spectrum of lab per- 
PC Ten^ reqU 'T 3 TT! am ° Unt °' tr8ining - ™ e SOftWare for the invention was developed to handle complex 
the^n Lonw y 9 ? , ^ ^"'"V ^ l ° addition ' « is ^ id ^ safeguards to assure 

U273? 9 aL r""' 109 P ° Wer intemJ P tions < and can document the detailed events of each run in safe memory 
[0273] After completing power-up self-checks shown in Figures 53 and 54, to assure the operator that the system 

JJT'h 1 S 3 ^ nCt '° n ' N ° P r °9 rammin 9 skills are required, since pre-existing default files can be 
r C T , mi26d tim6S and ,em P eratures . tnen stored in memory for later use. A file protection scherS 

sZaZ'^sss'rr an \ userJs pro9rams A me normaiiy consis,s ° f a set ° f ins,ruc,i ° ns to h ° id -Sis 

2 fi e such as i iZTh , T'n Pr ° 9ramS ° reated by link ' ng fi,eS ,09ether ,0 iom a mM A c °-""on^ 
bv othe 6 u SPr , a n C tl ' nCUba ' 0n f0ll0Wln 9 a thermocycle, can be stored and then incorporated into methods created 

sL e !L!I f \ tyPe f " e ' the AUT ° ,He iS 3 PCR cycling P r °9 ra m which allows the user to specify which of 

i"d h?n" menn rir^' 7™*" " ^ ^ ^ time incrementina < auto -gmenf extension fo 
yield enhancement), time decrement.ng, or temperature incrementing or decrementing. For the highest degree of con- 

TZZT f m °H t ; e K able m6th0dS trans,erabilit * temperatures are setab.e to OTC, and times are p^ ram me d 

a ZoZlTZ r r mi ° n abi ' ity ,0 Pr ° 9ram 9 SChedUled PAUSE 81 one or joints Zng 

a run for reagent additions or for removal of tubes at specific cycles. 

[0274] The system of the invention has the ability to store a 500 record history file for each run. This feature allows 

ar Z WitTT r T^' T "* ^ *° 9 " y Speda ' ^ ° r err0r messages 
rim" ? P Pnnten ,he inVemi ° n pr ° VideS hardc0py documentation of file and method parameters run- 
,me t imeAemperature data with a time/date stamp, configuration parameters, and sorted file directories 
[0275] In order to assure reproducible thermocycling, the computed sample temperature is displayed during the ramp 
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and hold segments of each cycle. A temperature one degree lowerthan the set temperature is normally used to trigger 
the ramp-time and hold-time clocks, but this can be altered by the user. Provided the proper time constant for the type 
of tube and volume is used, the sample will always approach the desired sample temperature with the same accuracy, 
regardless of whether long or short sample incubation times have been programmed. Users can program slow ramps 
5 for the specialized annealing requirements of degenerate primer pools, or very short (1 -5 sec) high-temperature > de- 
naturation periods for very GC rich targets. Intelligent defaults are preprogrammed for 2- and 3-temperature PCR 

W27S] Diagnostic tests can be accessed by any users to check the heating and cooling system status, since the 
software gives Pass/Fail reports. In addition, a system performance program performs a comprehensive subsystem 
10 evaluation and generates a summary status report. 

[0277] The control firmware is comprised of several sections which are listed below: 

Diagnostics 
Calibration 
75 - install 

Real time operating system 
- Nine prioritized tasks that manage the system 
Start-up sequence 
User interface 

20 

[0278] The various sections of the firmware will be described with either textual description, pseudocode or both. 
[0279] Features of the firmware are: 

1 A Control system that manages the average sample block temperature to within +A 0.1 °C as well as maintaining 
25 the temperature non-uniformity as between wells in the sample block to wrthin +/- 0.5°C. 

2. A temperature control system that measures and compensates for line voltage fluctuations and electronic tern- 
perature drift. 

30 3. Extensive power up diagnostics that determine if system components are working. 

4. Comprehensive diagnostics in the install program which qualify the heating and cooling systems to insure they 
are working properly. 

5. A logical and organized user interface, employing a menu driven system that allows instrument operation with 
minimal dependency on the operators manual. 

6. The ability to link up to 17 PCR protocols and store them as a method. 

40 7. The ability to store up to 150 PCR protocols and methods in the user interface. 

B. A history file that records up to 500 events of the previous run as part of the sequence task. 

9 The ability to define the reaction volume and tube size type at the start of a run for maximum ^mperature 
45 accuracy and control as part of the user interface and which modifies tau (the tube time constant) in the PID task. 

1 0 Upon recovery from a power failure, the system drives the sample block to 4°C to save any samples that may 
be loaded in the sample compartment The analyzer also reports the duration of the power failure as part of the 
sequence task. 

11 . The ability to print history file contents, "run time" parameters and stored PCR protocol parameters as part of 
the print task. 

12. The ability to configure to which the apparatus will return during any idle state. 

13. The ability to check that the set point temperature is reached with a reasonable amount of time. 

14. The ability to control the instrument remotely via an RS232 port. 
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[0280] There are several levels of diagnostics which are described below: 

[0281] A series of power-up tests are automatically performed each time the instrument is turned on. They evaluate 
critical areas of the hardware without user intervention. Any test that detects a component failure will be run again If 
the test fails twice, an error message is displayed and the keyboard is electronically locked to prevent the user from 
continuing. 

[0282] The following areas are tested: 



Programmable Peripheral Interface device 
Battery RAM device 
Battery RAM checksum 
EPROM devices 

Programmable Interface Timer devices 

Clock / Calendar device 

Programmable Interrupt Controller device 

Analog to Digital section 

Temperature sensors 

Verify proper configuration plug 

[0283] A Series of service only diagnostics are available to final testers at the manufacturer's location or to field 
service engineers through a "hidden" keystroke sequence (i.e. unknown to the customer). Many of the tests are the 
same as the ones in the start up diagnostics with the exception that they can be continually executed up to 99 times 
[0284] The following areas are tested: 



Programmable Peripheral Interface device 
Battery RAM device 
Battery RAM checksum 
EPROM devices 

Programmable Interface Timer devices 

Clock / Calendar device 

Programmable Interrupt Controller device 

Analog to Digital section 

RS-232 section 

Display section 

Keyboard 

Beeper 

Ramp Cooling Valves 

Check for EPROM mismatch 

Firmware version level 

Battery RAM Checksum and Initialization 

Autostart Program Flag 

Clear Calibration Flag 

Heated Cover heater and control circuitry 

Edge heater and control circuitry 

Manifold heater and control circuitry 

Central heater and control circuitry 

Sample block thermal cutoff test 

Heated cover thermal cutoff test 



[0285] User diagnostics are also available to allow the user to perform a quick cool and heat ramp verification test 
and an extensive confirmation of the heating and cooling system. These diagnostics also allow the user to view the 
history file, which is a sequential record of events that occurred in the previous run. The records contain time, temper- 
ature, setpoint number, cycle number, program number and status messages. 

[0286] Remote Diagnostics are available to allow control of the system from an external computer via the RS-232 
port. Control is limited to the service diagnostics and instrument calibration only. 

[0287] Calibration to determine various parameters such as heater resistance, etc. is performed Access to the cal- 
ibration screen is limited by a "hidden" key sequence (i.e. unknown to the customer). The following parameters are 
caiiDrated: 

[0288] The configuration plug is a module that rewires the chiller unit, sample block heaters, coolant pump and power 
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supplies for the proper voltage and frequency (100V/50HZ, 100/60HZ. 120/60HZ, 220/SOHz or 230/50HZ . The user 
enters the type of configuration plug installed. The firmware uses this information to compute the equivalent resistance 
of the sample block heaters. Upon power-up, the system verifies that the configuration plug selected ,s consent with 
the current line voltage and frequency. , , oo . r 

[0289] The heater resistance must be determined in the calibration process so that precise calcula ions of beater 
Lwer delivered can be made. The user enters the actual resistances, of the six sample block heaters (two mam 
heaters, two manifold heaters and two edge heaters). The configuration plug physical* wires the heater .n senes fo 
220-230 VAC and in parallel for 1 00-120 VAC operation. The firmware computes the equivalent res.stance of each of 
the three heaters by the following formula: 

(7) For 1 00-1 20 VAC: R eq = (R, * R 2 ) / Ri + R 2 



(5 



20 



(8) For 220-230 VAC: R eq = R, + R 2 
[0290] The equivalent resistance is used to deliver a precise amount of heating power to the sample block (Power 

roSrlheSbrafcnof the A/D circuit is necessary so that temperatures can be precisely measured. This is per- 
oTmed by measuring two test point voltages (TPS and TP7 on the CPU board) and entenng the measured voltages. 
The output o, the A/D a, each voyage forms the basis of a two point calibration curve /These voltages are derived from 
a 5 volt precision source and are accurate and temperature independent. At the start of each run. these voltages are 
read by L system to measure electronic drift due to temperature because any changes ,n A/D output ,s due to tem- 
perature dependencies in the analog chain (multiplexer, analog amplifier and A/D converter). 
25 [0292] Calibration of the four temperature sensors (sample block, ambient, coolant and heated cover) - P-^-d 
oraccurate temperature measurements. Prior to inflation into ar, .instrument the ambient, ^ n ^" d ^f v ^ 
temperature sensors are placed in a water bath where their output is recorded (XX.X»C at YYYY mV). These values 
arTCentered into the system. Since temperature accuracy in these areas is not critical, a one pent calibration 

S] 8 The'sample block sensor is calibrated in the instrument. An array of 1 5 accurate temperature probes is stra^ 
eaica IV Placed in the sample block in the preferred embodiment. The output of the temperature probes s collected 
Serag^ by " The firmware commands the block to go to 40-C. After a brief stabilizing period the user 

ente'tne'aveSge block temperature as read by the 15 probes. This procedure is repeated at 95'C, forming a two 

^r'Sr^f the AC to DC line voltage sampling circuit is performed by entering intothe system the output 
of the AC to DC circuit for two given AC input voltages, forming a two point calibration ™^^Ji S 
is not linear over the required range (90 - 260 VAC) and therefore requires two points at each end (100 and 120, 220 

or calculates control cooling conduct™*, r.mp cooling conductance at 10 C tm I IB C."** 
proper .1 10-C .nd 20-c, sample block Ut.rmal and oootant catpaany and .rrmpl. Nock sanaor Bo. Tire purpoaa .t 
install is three fold: 
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1 . To uncover marginal or faulty components. 

2. To use some of the measured values as system constants stored in battery backed up RAM to optimize the 
control system for a given instrument. 

3. To measure heating and cooling system degradation overtime 

[0297] Install is executed once before the system is shipped and should also be run before use or whenever a major 
component is replaced. The Install program may also be run by the user under the user d«gno«tes. 
[0298] The heaterping test verifies thatthe heaters are properly conf.gured forthe current hne voltage ,<l* J pa allel 
or 90-1 32 VAC and in series for 208-264 VAC). The firmware supplies a burst of power to ^ "^^^ 
monitors the rise in temperature over a 1 0 second time period. If the temperature rise ,s outs.de a specrfiec I ramp rate 
window, then the heaters are incorrectly wired for the current line voltage and the install process is terminated. 
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[0299] The control cooling conductance tests measures the thermal conductance K« across the sample block to the 
control cooling passages. This test is performed by first driving the sample block temperature to 60°C (ramp valves 
are closed), then integrating the heater power required to maintain the block at 60°C over a 30 second time period 
The ,n tegrated power is divided by the sum of the difference between the block and coolant temperature over the 



10 



20 



(9) = Z Heater Power 60 o C / 1 Block - Coolant 

Temp 

[0300] Typical values are 1 .40 to 1 .55 Watts/°C. A low may indicate a clogged liner(s). A high K cc may be due 
to a ramp valve that is not completely closed, leakage of the coolant to the outside diameter of the liner, or a liner that 
nas snirteo. 

[h 3 °J 1 ^« bl ?*u thermal C9paCity (Bik CP) t6St measures the thermaI ca P ac »Y of the sample block by first controlling 
the block at 35-C then applying the maximum power to the heaters for 20 seconds. The block thermal capacity is equal 
to the integrated power divided by the difference in block temperature. To increase accuracy, the effect of bias cooling 
power is subtracted from the integrated power. 9 



( 1 0) Blk Cp = ramp time * (heater - control cool pwr) 
/ delta temp. 
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where: 

ramp time = 
heater power = 
control cool = 
delta temp = 



20 seconds 
500 watts 

(Z block - coolant temp) 
TBIock t=20 - TBIock^o 



0302] The typical value of Block Cp is 540 watt-seconds/"C ± 30. Assuming a normal K cc value, an increase in block 
thermal capacity »s due to an increase in thermal loads, such as moisture in the foam backing, loss of insulation around 
the sample block, or a decrease in heater power such as a failure of one of the six heater zones or a failure of the 

S2T f™!** drlVeS hGater Z ° neS ' ° r an inCOrTGCt ° r an lncorre <% w ^ed voltage configuration module 
[0303] A chiller test measures the system cooling output in watts at 10°C and 1 8°C. The system cooling power or 
chiller output, at a given temperature is equal to the summation of thermal loads at that temperature. The main com- 
ponents are: 1 . heating power required to maintain the block at a given temperature, 2. power dissipated by the pump 
used to circulate the coolant around the system, and 3. losses in the coolant lines to the ambient. The chiller power 
parameter ,s measured by controlling the coolant temperature at either 10°C or 18°C and integrating the power applied 
to the sample block to maintain a constant coolant temperature, over a 32 second interval. The difference between 
the block and coolant temperature is also integrated to compute losses to ambient temperature. 

(11) Chiller power = I Heating power + Pump power 
+ (Kamb * X (blk-cool temp)) 

where: 



heating power = 
Pump Power = 
Kamb = 

blk-cool temp = 



Sum of heating power required to maintain coolant at 10°C or 18°C overtime 32 seconds 
Circulating pump, 12 watts 
Conductance to ambient, 20 watts/°C 

Sum of difference in block and coolant temp over time 32 seconds 



[0304] The typical value for chiller power is 230 watts ±40 at 10°C and 370 watts ± 30 at 18°C Low chiller power 
may be due to an obstruction in the fan path, a defective fan, or a marginal or faulty chiller unit. It may also be due to 
a misvired voltage configuration plug. 
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[03051 A ramp cooling conductance (K c ) test measures the thermal conductance at 1 0°C and 1 8°C across the sample 
block to the ramp and control cooling passages. This test is performed by first controlling the coolant temperature a 
10°C or 18°C then integrating, over a 30 second time interval, the heating power applied to maintain the coolant at 
the given temperature divided by the difference of block and coolant temperature over the time interval. 

(1 2) K c = I Heating power / 1 (block - coolant 
temperature) 

Typical values for K e are 28 watts/°C ± 3 at 10°C and 31 watts/°C ± 3 at 18°C. A low K c may be due to a closed or 
obstructed ramp valve, kinked coolant tubing, weak pump or a hard water/Prestone™ mixture. 
[0306] A sensor lag test measures the block sensor lag by first controlling the block temperature to 35 C .and then 
applying 500 watts of heater power for 2 seconds and measuring the time required for the block to nse 1 C. Typical 
values are 13 to 1 6 units, where each unit is equal to 200 ms. A slow or long sensor lag can be due to a poor interface 
between the sensor and the block, such as lack of thermal grease, a poorly machined sensor cavity or a faulty sensor. 
[0307] The remaining install tests are currently executed by the install program but have limited d.agnostic purposes 
due to the fact that they are calculated values or are a function of so many variables that their results do not determine 
the source of a problem accurately. vu .. HQ»r a ^imr itk 

[0308] The install program calculates the slope of the ramp cooling conductance (S c ) between 8 C and 1 0 C. It is 
a measure of the linearity of the conductance curve. It is also used to approximate the ramp cooling conductance at 
0°C. Typical values are 0.40 ±0.2. The spread in values attest to the fact that it is just an approximation. 

(13) S c = (Kc_18" -Kc_10°)/(18°C-10°C) 

[0309] The install program also calculates the cooling conductance K.,,, is an approximation of the cooling con- 
ductance at 0°C. The value is extrapolated from the actual conductance at 10°C. Typical values are 23 watts/ C ± 5. 
The formula used is: 

(14) K e0 = Kc_10-(ScM0°C) 

[0310] The install program also calculates coolant capacity (Cool Cp) which is an approximation of thermal capacity 
of the entire coolant stream (coolant, plumbing lines, heat exchanger, and valves). The cooling capacity .s equal to 
components that pump heat into the coolant minus the components that remove heat from the coolant. The mechanics 
used to measure andcalculate these components arecomplex and are described in detail in the source code description 
section. In this measurement, the coolant is allowed to stabilize at 10'C. Maximum heater power is applied to the 
sample block for a period of 1 28 seconds. 

(1 5) Cool Cp = Heat Sources - Coolant sources 



(1 6) Cool Cp = Heater Power + Pump Power + Kamb * (ZTamb - 
ZTcool) - Block Cp * (Tblock^ - Tblock^g) 
- Average Chiller Power between Tcool t=0 and 
Tcool t=12 8 

Characters enclosed in { } indicate the variable names used in the source code. 
55 Heater-Ping Test Pseudocode : 

[0311] The heater ping test verifies that the heaters are properly wired for the current line voltage. 
[0312] Get the sample bjock and coolant to a known and stable point. 
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Turn ON the ramp cooling valves 

Wait for the block and coolant to go below 5°C 

Turn OFF ramp cooling valves 
[0313] Measure the cooling effect of control cooling by measuring the block temperature drop over a 1 0 second time 
interval. Wait 1 0 seconds for stabilization before taking any measurements. 

Wait 10 seconds 

tempi = block temperature 

Wait 1 0 seconds 

temp2 = block temperature 

{tempa} = temp2 - tempi 

[0314] Examine the variable {linevolts} which contains the actual measured line voltage. Pulse the heater with 75 
watts for a line voltage greater then 190V or with 300 watts if it less than 140V. 



if ({linevolts} > 190 Volts) then 

deliver 75 watts to heater 
else 

deliver 300 watts to heater 

[0315] Measure the temperature rise over a 10 second time period. The result is the average heat rate in 0,01 V 
second. 

tempi = block temperature 

Wait 10 seconds 

temp2 = block temperature 

{tempb] = temp2 - tempi 

[031 6] Subtract the average heat rate {tempb} from the control cooling effect to calculate true heating rate 

(1 7) heat_rate = {tempb] - {tempa} 

[0317] Evaluate the heaLrate. For 220V-230V, the heat rate should be less than 0.30 "/second For 1 00V-120V the 
heat rate should be greater than 0.30 °/second. 



if (linevoltage - 220V and heat_rate > 0.30 V&econd) 

then 

Error -> Heaters wired for 120 
Lock up keyboard 
if (linevoltage ~ 120V and heat rate < 0.30 •/second) 

then 

Error -> Heaters wired for 220 
Lock up keyboard 

KCCJest Pseudocode: 

[0318] This test measures the control cooling conductance also known as K^. 
[031 9] is measured at a block temperature of 60°C. 
Drive block to 60°C 

Maintain block temperature at 60°C for 300 seconds 
[0320] Integrate the power being applied to the sample block heaters over a 30 second time period. Measure and 
integrate the power required to maintain the block temperature with control cooling bias 
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{dt_sumy — 0 (delta temperature sun) 

{main_pwrjeum} « o (main heater power sum) 
{aux_pvr_£UBi} = 0 (auxiliary heater power cum) 

for (count « 1 to 30) 
{ 

{dt_eum} • {dt_eum} + (block temperature - coolant 
temperature) 

vait 1 aeo 



Accumulate the power applied to the rain and 
auxiliary heaters. The actual code resides in the 
FID control task and is therefore summed every 

200ms, 

{3aa±n_pvr_eum} « {mainj>vr_sum} + {actual_pover} 
{aux_pvr_su»> « {euacjpvrjsua} + {euxl^actual} + 
{au*2_actual} 
> 



[0321] Compute the conductance by dividing the power sum by the temperature sum. Note that the units are 10 mW/ 
°C. 



(1 B) K cc = ({main_pwr_sum} + {aux_pwr_sum}) / {dt_sum} 
BLOCK_CP Test Pseudocode : 

[0322] This test measures the sample block thermal capacity. 
Drive the block to 35°C 

Control block temperature at 35°c for 5 seconds and record Initial temperature. 

initial_temp = block temperature 
[0323] Deliver maximum power to heaters for 20 seconds while summing the difference in block to coolant temper- 
ature as well as heater power. 

Deliver 500 watts 
{dt_sum} « 0 
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for (count * 1 to 20 seconds) 
< 

{dtjexm} « {dt_6um} + (block temperature - coolant 
temperature) 

valt 1 second 

} 

(1 9) delta_temp = block temperature - initial_temp 

Compute the joules in cooling power due to control cooling which occurs during ramp. 

(20) cooljoule = Control cooling conductance (K cc ) * 
{dt_sum} 

Compute the total joules applied to the block from the main heater and control cooling. Divide by temp change 
over the interval to compute thermal capacity. 

(21) Block CP = ramptime * (heater power - cooljoule) 
/ deltajemp 

where: 

ramptime = 20 seconds 
heater power = 500 Watts 

COOL_PWR_10: 

This test measures the chiller power at 1 0°C. 

Control the coolant temperature at 1 0°C and stabilize for 120 sees. 

count 120 
do while (count 1=0) 
{ 

if (coolant temperature « 10 ± 0,5*C) then 



count «= count - 1 
else 

count « 120 
wait 1 second 
} 

[0324] At this point, the coolant has been at 1 0°C for 1 20 seconds and has stabilized. Integrate, over 32 seconds, 
the power being applied to maintain a coolant temperature of 10°C. 
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<cool_init} ~ coolant teoperature 

{2nain_pvr_sun) •» 0 

< aux_pvr_6UBi } «= 0 

{delta_temp_sutt} « 0 

for (count » 1 to 32) 
{ 

Accumulate the power applied to the aain and 
auxiliary heaters. The actual code resides in the 
control task. 



{jnain_pvr_su2n} « { ma in_pvr_sum } + actual jpower 
{ aux_pvr_sum) * {aux_pvr_sujn) + auxl_actual + 
aux2 — actual 

deltajtemp_suift * delta^teup^eum + (ambient temp - 
coolant temp) 

wait 1 second 
) 

[0325] Compute the number of joules of energy added to the coolant mass during the integration interval, "(coolant 
temp - cooMnit)" is the change in coolant temp during the integration interval. 550 is the Cp of the coolant in joules, 
thus the product is in joules. It represents the extra heat added to the coolant which made it drift from setpoint during 
the integration interval. This error is subtracted below from the total heat applied before calculating the cooling power. 



(22) coo!_init = (coolant temp - cool_init) * 550J 

[0326] Add the main power sum to the aux heater sum to get joules dissipated in 32 seconds. Divide by 32 to get 
the average joules/sec. 



(23) {main jDwr_sum} = ({main _pwr_sum}+{aux_pwr_sum} - 
cool init) / 32 

[0327] Compute the chiller power at 1 0°C by summing all the chiller power components. 

(24) Power 1crc = main_power_sum + PUMP PWR + (K_AMB * 
delta_temp_sum) 



where: 

summation of heater power over interval 
12 Watts, pump that circulates coolant 
summation of amb - coolant over interval 
20 Watts/K, thermal conductance from cooling to ambient. 



{main_pwr_sum} = 
PUMP PWR = 
delta_temp_sum = 
K_AMB = 
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KC_10 Test Pseudocode : 

[0328] This test measures the ramp cooling conductance at 10°C. 

[0329] Control the coolant temperature at 10°C + 0.5 and allow it to stabilize for 10 seconds. 

[0330] At this point, the coolant is at setpoint and is being controlled. Integrate, over a 30 second time interval, the 

power being applied to the heaters to maintain the coolant at 1 0°C. Sum the difference between the block and coolant 

temperatures. 

{E>ain_jpvr_sum} « 0 
{aux_pvr_sum} • 0 
{dt_sum} « 0 

for <count « 1 to 30) 
{ 

Accumulate the power applied to the aain and 
auxiliary heaters* The actual code resides in the 
PID control task. 

{main_pvr_sum} «= {main_pvr_suin} + actualjpower 
{aux_pvr_sua} «= {aux_pvr_sum} + auxl_actual + 
aux2_actual 

{dt_sum} * {dt_£us>} + (block temperature - coolant 

temp) 

vait 1 "second 
} 

[0331] Compute the energy in joules delivered to the block over the summation period. Units are in 0.1 watts. 

(25) {main_pwr_sum} = {main_pwr_sum} + {aux _pwr_sum} 
[0332] Divide the power sum by block - coolant temperature sum to get ramp cooling conductance in 1 00 mW/K. 

(26) Kc_1 0 = {main_pwr_sum} / {dt_sum} 

COOL_PWR_18 Test Pseudocode: 

[0333] This test measures the chiller power at 1 8°C . 

[0334] Get the sample block and coolant to a known and stable point. Control the coolant temperature at 1 8°C and 
stabilize for 128 sees. 
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count ■ 128 

do while (count i« 0) 

if (coolant temperature - 18*C ±0.5} then 

count = count - 1 
else 

count - 120 
wait 1 second 
} 

[0335] At this point the coolant has been at 18°C for 120 seconds and has stabilized. Integrate, over 32 seconds, 
the power being applied to maintain a coolant temperature of 18°C. 

{cool init} « coolant temperature 

{ ma in_jp vr_sum } ■ 0 

{aux_j>wr_su»} ■ o 

{delta_tempjBum} ~ 0 

for (count * 1 to 32) 
i 

Accumulate the power applied to the main and 
auxiliary heaters. The actual code resides in the 
control task. 

{ ma injpwr_eum } *= {main_pwr_sum} + actual_power 
{auxjpwr_sum} « {aux_pwr_sum} + auxl_actual + 
aux2_actual 

delta temp_sum ■ del ta_temp_sum + (ambient temp - 
coolant temp) 

wait 1 second 
} 

[0336] Compute the number of joules of energy added to the coolant mass during the integration interval, "(coolant 
temp - cooljnit)" is the change in coolant temp during the integration interval. 550 is the Cp of the coolant in joules, 
thus the product is in joules. . It represents the extra heat added to the coolant which made it drift setpoint during the 
integration interval. This error is subtracted below from the total heat applied before calculating the cooling power. 

(27) coo Unit „ (coolant temp - cool_init) * 550 

[0337] Add main power sum to aux heater sum to get joules dissipated in 32 seconds. Divide by 32 to get the average 
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joules/sec. 



(28) 



{main jDwr_s urn} = ({main_pwr_sum}+{aux_pwr_sum} - 



cool_init)/32 



[0338] Compute the chiller power at 1 8°C by summing all the chiller power components. 



(29) 



Power. 



• 18 o C = main_power_sum + PUMP PWR + (K_AMB * 



delta_Jemp_sum) 



where: 



{main_pwr_sum} = 
PUMP PWR = 
delta_temp_sum = 



summation of heater power over interval 

12 Watts, pump that circulates coolant 

summation of amb - coolant over interval 

20 Watts/K, Thermal conductance from cooling to ambient. 



K_AMB = 



KC_18 Test Pseudocode: 

[0339] This test measures the ramp cooling conductance at 1 8°C. 

[0340] Control the coolant temperature at 1 8°C ± 0.5 and allow it to stabilize for 1 0 seconds. 

[0341] At this point, the coolant is at setpoint and being controlled. Integrate, over a 30 second time interval, the 

power being applied to the heaters to maintain the coolant at 1 8°C. Sum the difference between the block and coolant 

temperature. 



for (count « 1 to 30) 
{ 

Accumulate the power applied to the naln end 
auxiliary heaters. The actual code resides in the 
control tasX. 

{ttainjpvr_sutt} *= {mainjpvr_6ua) + actual_pover 
{aux_pvr_e\m} « {aux_pvr_sum> + auxl_actual + 
aux2_actual 

{dt_sum} ~ {dt_sua} + (block temperature - coolant 

temp) 



[0342] Compute the energy in joules delivered to the block over the summation period. Units are in 0.1 watts. 



{aain_pvr_sun} o 
<auxjpvr_su») - 0 
{dt_sua} - 0 



wait 1 second 
) 
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(30) {main_pwr_sum} = {main_pwr_sum} + {aux_pwr_sum} 
[0343] Divide power sum by block - coolant temperature sum to get ramp cooling conductance in 1 00 mW/K. 

5 

(31 ) Kc_1 8 = {main_pwr_sum) / {dt_sum} 

SENLAG Test Pseudocode: 

10 

[0344] This test measures the sample block sensor lag. 

[0345] Drive the block to 35°C. Hold within ± 0.2°C for 20 seconds then record temperature of block. 

{tempa} = block temperature 
[0346] Deliver 500 watts of power to sample block. 
15 [0347] Apply 500 watts of power for the next 2 seconds and count the amount of iterations through the loop for the 
block temperature to increase 1 °C. Each loop iteration executes every 200 ms, therefore actual sensor lag is equal to 
count * 200 ms. 

20 ceos - 6 

count « 0 

do while (TRUE) 

25 

i 

if (sees >= 2 seconds) then 
shut heaters off 
30 if (block temperature - teapa > 1-0 °C) then 

exit while loop 

35 count «= count + 1 

> 

end do while 

40 

sensor lag * count 



Coolant CP Test Pseudocode: 

45 " 

[0348] This test computes the coolant capacity of the entire system. 
[0349] Stabilize the coolant temperature at 1 0°C ± 0.5. 

[0350] Send message to the PID control task to ramp the coolant temperature from its current value (about 1 0°C) 
to18°C. 

so [0351] Wait for the coolant to cross 12°C so that the coolant CP ramp always starts at the same temperature and 
has clearly started ramping. Note the initial ambient and block temperatures. 
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do while (coolant temperature < 12 # C) 
i 

vait 1 second 
> 

{blk_delta} « block temperature 
{h2o_delta} * coolant temperature 

[0352] For the next two minutes, while the coolant temperature is ramping to 18°C, sum the coolant temperature 
and the difference between the ambient and coolant temperatures. 

{temp_sum} «* 0 
<cool_sum} « 0 

for (count 1 to 126 seconds) 
< 

(32) {cool_6ua> • cool_temp_susi + coolant 
temper ature. 

(33) {temp_sum) « ambient - coolant temperature 
vait 1 second 

count ■= count + 1 
} 

[0353] Calculate the change in temperatures over the two minute period. 

(34) {blk_delta} = block temperature - {blk_delta} 

(35) {h2o_delta} = coolant temperature - {h2o_delta} 

[0354] Compute KChill, i.e., the rate of change of chiller power with coolant temperature over the coolant range of 
10°C to 20°C. Note that units are in watts/1 0°C. 

(36) Kchiil - (Chiller Pwr @ 18°C - Chiller Pwr @ 10°C) 

[0355] Compute Sc which is the slope of the ramp cooling conductivity versus the temperature range of 18°C to 
10°C. The units are in watts/1 0°C/10°C. 

(37) Sc= (Kc_18-Kc_10)/8 
[0356] compute KcJ), the ramp cooling conductance extrapolated to 0°C. 

(38) Kc_0 = Kc_10- (Sc* 10) 
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[0357] Compute Cp_Cool, the Cp of the coolant by: 



10 



15 



20 



(39) Cp_Cool = ( HEATPOWER * 128 + PUMP_PWR * 128 

- Power @ 0°C* 128 

- Block_Cp * blk_de!ta 
+ K_AMB * temp_sum 

- Kchiil * cool_temp_sum ) / 
h2o delta 



where: 



HEATPOWER « 500 W, the heater power applied to warm the block, thus heating the coolant. It is multiplied by 
128, as the heating interval was 128 sees. 



PUMP_PWR = 1 2 W, the power of the pump that circulates the coolant multiplied by 1 28 seconds. 
Pwr_0°C = The chiller power at 0°C multiplied by 128 seconds. 

25 Block_Cp = Thermal capacity of sample block. 

blk_delta = Change in block temp over the heating interval. 

K_AMB = 20 Watts/K, thermal conductance from cooling to ambient. 

30 

temp_sum = The sum once per second of ambient - coolant temperature over the interval. 
h2o_delta = Change in coolant temperature over interval of heating (approximately 6°C). 

35 Kchiil = Slope of chiller power versus coolant temp. 

cooLsum = The sum of coolant temp, once per second, over the heating interval. 

REAL TIME OPERATING SYSTEM - CRETIN 

40 

[0358] CRETIN is a stand alone, multitasking kernel that provides system services to other software modules called 
tasks. Tasks are written in the "C w language with some time critical areas written in Intel 8085 assembler. Each task 
has a priority level and provides an independent function. CRETIN resides in low memory and runs after the startup 
diagnostics have successfully been executed. 
45 [0359] CRETIN handles the task scheduling and allows only one task to run at a time. CRETIN receives all hardware 
interrupts thus enabling waiting tasks to run when the proper interrupt is received. CRETIN provides a real time clock 
to allow tasks to wait for timed events or pause for known intervals. CRETIN also provides intertask communication 
through a system of message nodes. 

[0360] The firmware is composed of nine tasks which are briefly described in priority order below. Subsequent sec- 
so tions will describe each task in greater detail. 

1 . The control task (PID) is responsible for controlling the sample block.temperature. 

2. The keyboard task is responsible for processing keyboard input from the keypad. 

55 

3. The timer task waits for a half second hardware interrupt, then sends a wake up message to both the sequence 
and the display task. 
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4. The sequence task executes the user programs. 

5. The pause task handles programmed and keypad pauses when a program is running. 
5 6. The display task updates the display in real time. 

7. The printer task handles the RS-232 port communication and printing. 

B. The LED task is responsible for driving the heating LED. It is also used to control the coolant temperature while 
10 executing Install. 

9. The link task starts files that are linked together in a method by simulating a keystroke. 

Block Temperature Control Program (PIP Task) 

15 

[0361] The Proportional Integral Differential (PID) task is responsible for controlling the absolute sample block tem- 
perature to 0.1 °C, as well as controlling the sample block temperature non-uniformity (TNU : defined as the temperature 
of the hottest well minus the temperature of the coldest well) to less than ± 0.5°C by applying more heating power to 
the perimeter of the block to compensate for losses through the guard band edges. The PID task is also responsible 
20 for controlling the temperature of the heated cover to a less accurate degree. This task runs 5 times per second and 
has the highest priority. 

[0362] The amount of heating or cooling power delivered to the sample block is derived from the difference or "error" 
between the user specified sample temperature stored in memory, called the setpoint, and the current calculated sample 
temperature. This scheme follows the standard loop control practice. In addition to a power contribution to the film 

25 heaters directly proportional to the current error, i.e. ; the proportional component, (setpoint temperature minus sample 
block temperature), the calculated power also incorporates an integral term that serves to close out any static error 
(Setpoint temperature - Block temperature less than 0.5°C). This component is called the integral component. To avoid 
integral term accumulation or "wind-up", contributions to the integral are restricted to a small band around the setpoint 
temperature. The proportional and integral component gains have been carefully selected and tested, as the time 

30 constants associated with the block sensor and sample tube severely restrict the system's phase margin, thus creating 
a potential for loop instabilities. The proportional term gain is P in Equation (46) below and the integral term gain is Ki 
in Equation (48) below. 

[0363] The PID task uses a "controlled overshoot algorithm" where the block temperature often overshoots its final 
steady state value in order for the sample temperature to arrive at its desired temperature as rapidly as possible. The 
35 use of the overshoot algorithm causes the block temperature to overshoot in a controlled manner but does not cause 
the sample temperature to overshoot. This saves power and is believed to be new in PCR instrumentation. 
[0364] The total power delivered to all heater of the sample block to achieve a desired ramp rate is given by: 



40 (40) power = (CP / ramp_rate) + bias 

where: 

CP ~ Thermal mass of block 

45 bias = bias or control cooling power 

ramp_rate = T fina , - T jnjtia , / desired ramp rate 

[0365] This power is clamped to a maximum of 500 watts of heating power for safety. 

[0366] With every iteration of the task (every 200ms) the system applies heating or ramp cooling power (if necessary) 

50 based on the following algorithm. 

[0367] The control system is driven by the calculated sample temperature. The sample temperature is defined as 
the average temperature of the liquid in a thin walled plastic sample tube placed in one of the wells of the sample block 
(herafter the "block"). The time constant of the system (sample tube and its contents) is a function of the tube type and 
volume. At the start of a run, the user enters the tube type and the amount of reaction volume. The system computes 

55 a resultant time constant (t ortau). Forthe MicroAmp™ tube and 1 00 microliters of reaction volume, tau is approximately 
9 seconds. 
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( 41 ) T blk-new = T blk + Power * (200ms / CP) 



( 42 ) T samp-new = T samp + ^blk-new " T samp) * 200BS / tau 



where: 



1 b Ik- new ~ 
T b!k = 

Power = 
CP = 

^samp-new : 
T samp = 

tau = 



Current block temperature 
Block temperature 200ms ago 
Power applied to block 
Thermal mass of block 
Current sample temperature 
Sample temperature 200ms ago 

Thermal Time Constant of sample tube : adjusted for sensor lag (approximately 1 .5) 



[0368] The error signal or temperature is simply: 



(43) error = Setpoint - T, 



samp- new 



[0369] As in any closed loop system, a corrective action (heating or cooling power) is applied to close out part of the 
current error. In Equation (45) below,F is the fraction of the error signal to be closed out in one sample period (200mS). 

(44) ^samp-new = "'"samp + F * (SP - T sanip ) 

where 

SP= the user setpoint temperature 

[0370] Due to the large lag in the system (long tube time constant), the fraction F is set low. 
[0371] Combining formulas (42) and (44) yields: 

( 45 ) T samp-new = T samp + C^blk-new^samp) * -2 / tau = T^^ + F * 

<SP-T samp ) 

[0372] Combining formulas (41 ) and (45) and adding a term P (the proportional term gain) to limit block temperature 
oscillations and improve system stability yields: 

(46) Pwr= CP * P/T * ((SP - T^) * F * tau/T + T samp - T blk ) 



where 

P = the proportional term gain and 

T = the sample period of 0.2 seconds (200 msec), and 

P/T = 1 in the preferred embodiment 



[0373] Equation (46) is a theoretical equation which gives the power (Pwr) needed to move the block temperature 
to some desired value without accounting for losses to the ambient through the guardbands, etc. 
[0374] Once the power needed to drive the block is determined via Equation (46), this power is divided up into the 
power to be delivered to each of the three heater zones by the areas of these zones. Then the losses to the manifolds 
are determined and a power term having a magnitude sufficient to compensate for these losses is added to the amount 
of power to be delivered to the manifold heater zone. Likewise, another power term sufficient to compensate for power 
lost to the block support pins : the block temperature sensor and the ambient is added to the power to be delivered to 
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the eddge heater zones. These additional terms and the division of power by the area of the zones convert Equation 
(46) to Equations (3), (4) and (5) given above. 

[0375] Equation (46) is the formula used by the preferred embodiment of the control system to determine the required 
heating or cooling power to the sample block. 
5 [0376] When the computed sample temperature is within the "integral band", i.e., ± 0.5°C around the target temper- 
ature (SP), the gain of the proportional term is too small to close out the remaining error. Therefore an integral term is 
added to the proportional term to close out small errors. The integral term is disabled outside the integral band to 
prevent a large error signal from accumulating. The algorithm inside the "integral band" is as follows; 

10 (47) lnt_sum (new) = lnt_sum (old) + (SP - T^) 

(48) pwr_adj = Ki * lnt_sum (new) 

15 

where, 

!nt_sum = the sum of the sample period of the difference between the SP and T SAMP temperature, and 
Ki = the integral gain (512) in the preferred embodiment). 

[0377] Once a heating power has been calculated, the control software distributes the power to the three film heater 
zones 254, 262 and 256 in Figure 1 3 based on area in the preferred embodiment.. The edge heaters receive additional 
power based upon the difference between the block temperature and ambient temperature. Similarly, the manifold 
heaters receive additional power based upon the difference between the block temperature and the coolant tempera- 
ture. 

PiD Pseudocode 

[0378] Upon System Power up or Reset 
30 Turn off ramp cooling 

Turn off all heaters 
Calculate heater resistances 
[0379] Do Forever - executes every 200ms 

35 

It (block *«aperatur« > 105) then 
Turn off heater* 
Turn en rasp valves 
40 Display error aosaage 

Read the line voltage {linevolts) 

Read the coolant sensor and convert to temperature {h2otemp) 
45 Read the ambient sensor and convert to temperature (ambtemp) 

Read the heated cover sensor and convert to temperature (cvrtemp) 

Read the sample block sensor and convert to temperature {blktemp}. This portion of the code also reads the 
temperature stable voltage reference and compares the voltage to a reference voltage that was determined during 
calibration of the instrument. If there is any discrepancy, the electronics have drifted and the voltage readings from the 
so temperature sensors are adjusted accordingly to obtain accurate temperature readings. 

[0380] Compute the sample temperature {tubetenths} or the temperature that gets displayed by using a low-pass 
digital filter. 

55 (49) tubetenths = TT^ + (TB n - TT^ ) * T/tau 

where 



20 



25 
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TT n ^ = last sample temp {tubetenths) 
TB n - current block sensor temp {blktenths} 
T = sample interval in seconds = 200ms 

tau = tau tube {cf_tau} - tau sensor {cfjag} 

[0381] Equation (49) represents the first terms of a Taylor series expansion of the exponential that defines the cal- 
culated sample temperature given as Equation (6) above. 

[0382] Compute the temperature of the foam backing underneath the sample block : {phantenths} known as the 
phantom mass. The temperature of the phantom mass is used to adjust the power delivered to the block to account 
for heat flow in and out of the phantom mass. The temperature is computed by using a low pass digital filter implemented 
in software. 

(50) phantenths = TT n . 1 + (TB n - TT^) * T/tau 

where 

TT n _., = Last phantom mass temp {phantenths} 
TB n = Current block sensor temp {blktenths} 
T = Sample interval in seconds = 200ms 

tau foam = Tau of foam block = 30 sees. 

[0383] compute the sample temperature error (the difference between the sample temperature and the setpoint 
temperature) {abs_tube_err}. 

[0384] Determine ramp direction {fast_ramp} = UP_RAMP or DN_RAMP 

If (sample temperature is within ERR of setpoint (SP)) 
then 

FID not in fast transition »ode. {faet_raap) « OFF 
where ERR « the temperature width of the "integral 
band", i.e., the error band 
surrounding the target or setpoint 
temperature. 

Calculate current control cooling power {cooLctrl} to determine how much heat is being lost to the bias cooling 
channels. 

Calculate current ramp cooling power {cool_ramp} 



Calculate {cool_brkpt}. {cooLbrkpt} is a cooling power that is used to determine when to make a transition from 
ramp to control cooling on downward ramps. It is a function of block and coolant temperature. 

[0385] The control cooling power {cool_ctrl} and the ramp cooling power {cool_ramp} are all factors which the CPU 
must know to control downward temperature ramps, i.e., to calculate how long to keep the ramp cooling solenoid 
operated valves open. The control cooling power is equal to a constant plus the temperature of the coolant times the 
thermal conductance from the block to the bias cooling chamels. Likewise : the ramp cooling power is equal to the 
difference between the block temperature and the coolant temperature times the thermal conductance from the block 
to the ramp cooling channels. The cooling breakpoint is equal to a constant times the difference in temperature between 
the block and the coolant. 

[0386] Calculate a heating or cooling power {int_pwr} needed to move the block temperature from its current tem- 
perature to the desired setpont (SP) temperature. 



(51 ) {int_pwr} = KP * CP * [(SP - T SAMP ) * {cLkd} + 
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Ts - t blk) 



where: 



KP = 


Proportional gain = P/T in Equation (46) = approximately one in the preferred embodiment 


CP = 


Thermal mass of block 


SP = 


Temperature setpoint 


T SAMP " 


Sample temperature 


T BLK = 


Block temperature 


cf_kd - 


Tau * K d / Delta_t where tau is the same tau as used in Equation (49) and is a constant 



and Delta_t is the 200 msec sample period. 



If (sample temperature is vithin {cf^iband} of 
set point) then 

integrate sample error {i_tua> 
else 

(52) clear {Lsum = 0). 

[0387] Calculate the integral term power. 

(53) integral term = {i_sum) * constant {cMerm}. 



[0388] Add the integral term to the power. 



(54) {int_pwr} = {intjDwr} + integral term 



[0389] Adjust power to compensate for heating load due to the effects of the phantom mass (foam backing) by first 
finding the phantom mass power then adding it to power {int _pwr}. 
[0390] Calculate phantom mass power {phant_pwr} by: 

(55) phantjDwr = C * (blktenths - phantenths) / 1 0 

where: 

C = thermal mass of foam backing (1 .0 W/K) 
Adjust heater power 



{int_pwr) = {int_pwr) + {phant_pwr} 

[0391] Compute power needed in manifold heaters {auxl jDower) which will compensate for loss from the sample 
block into the manifold edges that have coolant flowing through it. Note that if the system is in a downward ramp, 
{auxl jDOwer) = 0. The manifold zone power required is described below: 



(57) {auxl _power) = K1 *(T BLK - T AMB ) + K2*(T BLK - T^J + 
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K5*(dT/dt) 



where: 



K1 = 


Coefficient {cMcoeff} 


K2 = 


Coefficient {cf_2coeff] 


K5 = 


Coefficient {cf_5coeff) 


dT/dt = 


Ramp rate 


T BLK = 


Block temperature 


T AMB = 


Ambient temperature 


"'"cool = 


Coolant temperature 



[0392] Compute power needed in edge heaters {aux2_power} which will compensate for losses from the edges of 
the sample-block to ambient. Note that if we are in a downward ramp {aux2_power} = 0. The edge zone power required 
is described below: 

(58) {aux2 _power} = K3* <T BLK - T AMB ) K4*(T BLK - T COOL ) + 
K6*(dT/dt) 

where: 

K3 = Coefficient {cf_3coeff) 
K4 = Coefficient {cf_4coeff} 

K6 = Coefficient {cf_6coeff} 

dT/dt = Ramp rate 

t blk ~ Block temperature 
t amp - Ambient temperature 
t cool = Coolant temperature 

[0393] Delete contribution of manifold {auxl _power} and edge heater power {aux2_power} to obtain total power that 
must be supplied by main heaters and coolers. 

(59) {int_pwr} = {int_power} - {aux1_power} - 
{aux2_power} 

[0394] Decide if the ramp cooling should be applied. Note that {cool_brkpt} is used as a breakpoint from ramp cooling 
to control cooling. 

If (intjpwr < cool_brkpt and performing downward ramp) 
to decide whether bloc* temperature is so much higher than 
the setpoint temperature that rasp cooling is needed then 
Turn ON ramp valves 

else 

Turn OFF ramp valves and depend upon bias cooling 

[0395] At this point, {int_pwr} contains the total heater power and {auxl _power} and {aux2_power} contain the loss 
from the block out to the edges. The power supplied to the auxiliary heaters is composed of two components: aux_power 
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and int _power. The power is distributed {int jpw) to the main and auxiliary heaters based on area. 

total __pwr = int_pwr 

5 

int jDwr = total_pwr * 66% 



aux1_power = total_pwr * 20% + auxl _power 



aux2_power = totaLpwr * 14% + aux2_power 

15 [0396] Compute the number of hatf cycles for the triac to conduct for each end zone and each iteration of the control 
loop to send the appropriate amount of power to the heaters. This loop executes once every 1/5 second, therefore 
there are 120/5 = 24 half cycles at 60Hz or 100/5 = 20 at 50Hz. The number of half cycles is a function of requested 
power {int_pwr}, the current line voltage {linevolts} and the heater resistance. Since the exact power needed may not 
be delivered each loop, a remainder is calculated {delta jDower} to keep track of what to include from the last loop. 

20 

(60) int_pwr = int_pwr + delta _power 

[0397] Calculate the number of 1/2 cycles to keep the triac on. Index is equal to the number of cycles to keep the 
25 triac on. 

(61) index = power * main heater ohms * [20 or 24] / 
3Q linevolts squared where Equation (61) is performed once for 

each heater zone and where "power" = int_pwr for the main 
heater zone, aux1_pwr for the manifold heater zone and 

35 

aux2_pwr for the edge heater zone. 
[0398] Calculate the amount of actual power delivered. 

40 

(62) actuaLpower = linevolts squared * index / main 

heater resistance 

45 [0399] Calculate the remainder to be added next time. 

(63) delta_power - intjDwr - actual_power 

so [0400] Calculate the number of 1/2 cycles for the edge and manifold heaters using the same technique described 
for the main heaters by substituting {auxl jDwr} and {aux2_pwr} into Equation (60). 
[0401] Load the calculated counts into the counters that control the main, manifold and edge triacs. 
[0402] Look at heated cover sensor. If heated cover is less than 100°C : then load heated cover counter to supply 
50 watts of power. 

55 [0403] Look at sample temperature. If it is greater than 50°C, turn on HOT LED to warn user not to touch block. 
END OF FOREVER LOOP 
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[0404] The purpose of the keyboard task is to wait for the user to press a key on the keypad, compare the key to a 
list of valid keystrokes for the current state, execute the command function associated with the valid key and change 
to a new state. Invalid keystrokes are indicated with a beep and then ignored. This task is the heart of the state driven 
user interface. It is "state driven" because the action taken depends on the current state of the user interface. 

Keyboard Task Pseudocode : 

[0405] 

Initialize keyboard task variables* 

Turn off the cursor. 

If (install flag not set) then 

Run the install program. 
Send a message to pid task to turn on the heated cover* 
If (the power failed vhile the user was running a program) 
then 

Compute and display the number of minutes the power was 
off for* 

Write a power failure status record to the history file* 
Send a message to the sequence task to start a 4°C soak* 
Give the user the option of reviewing the history file* 
If (the user request to review the history file) then 
Go to the history file display. 
Display the top level screen. 

Do Forever 

Send a message to the system that this task is waiting for 

a hardware interrupt from the keypad. 

Go to sleep until this interrupt is received* 

When awakened, read and decode the key from the keypad* 

Get a list of the valid keys for the current state. 

Compare the key to the list of valid keys* 

If (the key is valid for this state) then 

Get the •'action" and next state information for this 
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key. 

Ex cute the "action" (a command functi n) for this 

state. 

Go to the next state . 

Else 

Beep the beeper for an invalid key. 
End of Forever Loop 

Timer Task Overview 

[0406] The purpose of the timer task is to wake up the sequence and the real time display task every half a second. 
The timer task asks the system (CRETIN) to wake it up whenever the half second hardware interrupt that is generated 
by the clock/calendar device is received. The timer task then in turn sends 2 wake up messages to the sequence task 
and the real time display task respectively. This intermediate task is necessary since CRETIN will only service one 
task per interrupt and thus only the higher priority task (the sequence task) would execute. 

Timer Task Pseudocode: 

[0407] 

Do Forever 

Send a message to the systen that this task is vaitlng for 
a hardware interrupt from the clock/calendar device. 
Co to sleep until this interrupt is received. 
When awakened, send a sessage to the sequence and to the 
real tine display task. 
End Forever Loop 

Sequence Task Overview 

[0408] The purpose of the sequence task is to execute the contents of a user defined program. It sequentially steps 
through each setpoint in a cycle ; consisting of a ramp and a hold segment, and sends out setpoint temperature mes- 
sages to the pid task which in turn controls the temperature of the sample block. At the end of each segment, it sends 
a message to the real time display task to switch the display and a message to the printer task to print the segment's 
runtime information. The user can pause a running program by pressing the PAUSE key on the keypad then resume 
the program by pressing the START key. The user can prematurely abort a program by pressing the STOP key. This 
task executes every half a second when it is awakened by the timer task. 
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Sequence Task Pseudocode: 
[0409] 

Do Forever 

Initialize sequence task variables* 
Wait lor a message from the Keyboard task that the user has 
pressed the START key or selected STAKT from the menu or a 
message from link. task that the next program in a method is 
ready to run. 

Go to sleep until this message is received. 

When awakened , update the ADC calibration readings to account 

for any drift in the analog circuitry. 

If (not starting the 4°C power failure soak sequence) then 
Send a message to the printer task to print the PC title 
line, system time and date, program configuration 
parameters, the program type and its number. 

If (starting a HOLD program) then 

Get the temperature to hold at {hold_tpK 

Get the number of seconds to hold for {hold_time}. 

If (ramping down more than 3*C and {hold_tp} > 45 # C) then 

Post an intermediate setpoint. 

Else 

Post the final setpoint {holdjtp}. 
While (counting down the hold time {hold_time}) 

Wait for half second wake up message from timer task. 
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Check block sensor f r open or sh rt. 

If (k yboard task detected a PAUSE key) then 

Post a setpoint of current sample temp. 

Send a message to wake up the pause task. 

Go to sleep until awakened by the pause task. 

Post pre-pause setpoint. 
If (an intermediate setpoint was posted) then 

Post the final setpoint. 
If (the setpoint temp is belov ambient temp and will 
be 

there for more than 4 min.) then 

Set a flag to tell pid task to turn off the heated 

cover. 

Increment the half second hold time counter 
{store_time}. 

Post the final setpoint again in case the hold time 
expired before the intermediate setpoint was reached 
• this insures the correct setpoint will be written 
the history file* 

Write a data record to the history file. 

Send a message to the printer task to print the HOLD 

info. 

End of HOLD program 

Else if (starting a CYCLE program) then 

Add up the total number of seconds in a cycle 
{secs^in^nm} , taking into account the instrument ramp 
time and the user programmed ramp and hold times. 
Get the total number of seconds in the program by 
multiplying the number of seconds in a cycle by the number 
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of cycl s in a program {num_cyc} . 

Total {secs^injrun} « {s cs_in_run) per cycle * {num_cyc}. 
While (counting down the number of cycles {num_cyc}) 

While (counting down the number of setpoints 
{num_seg}) 

Get the ramp time {rampjtime}. 

Get the final setpoint temp (t_final). 

Get the hold time {local_time>. 

Send a message to the real time display task to 

display the ramp segment information. 

If (the user programmed a ramp time) then 

Compute the error {ramp_err} between the 
programmed ramp time and the actual ramp time as 
follows* This equation is based on empirical 
data. 

{ramp_err> *= prog ramp_rate * 15 + 0.5 (up ramp) 
(ramp_err) «= prog ramp_rate * 6 + 1,0 (down 

ramp) 

where; 

prog ramp_rate « (abs(T f - T c ) • 1) / {rampjtime) 

T f « setpoint temp {t_f inal} 

T e « current block temp (blktemp) 

abs - absolute value of the 

expression 

Note: the 1* is there because the clock 
starts 

within l°C of setpoint* 

new rampjtime « old {rampjtime} - {ramp_err} 
If (new rampjtime > old {rampjtime}) then 
new rampjtime « old {ramp_time}» 

Else 
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new ramp_time *= 0. 
Wbil (sample temp is n t within a user 
configured 

temp {cf^clkjdev} of setpoint) 

Wait for half second wake up message from 

timer task. 

Post a new ramp setpoint every second. 
Else if (ramping down more than 3»C and {t_final> 
> 

45 •C) then 

Post an intermediate setpoint. 

While (sample temp is not within a user 

configured 

temp {cf_clk_dev} of setpoint} 

Wait for half second wake up message from 

timer task. 

Increment the half second ramp time 
counter. 

Check block sensor for open or short. 
If (keyboard task detected a PAUSE key) 
then 

Post a setpoint of current sample 

temp. 

Send a message to wake up the pause 
task. 

Go to sleep until awakened by the 
pause task. 

Post pre-pause setpoint. 
Post the final setpoint. 

While (sample temp is not within a user configured 
temp 

{cf_clkjdev} of setpoint) 

Wait for half second wake up message from timer 
task. 

Increment the half second ramp time counter. 
Check block sensor for open or short. 
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If (keyboard task detected a PAUSE key) then 
P st a setpoint f current sample temp. 
Send a m ssag to wake up the pause task. 
Co to sleep until awakened by the pause 
task* 

Post pre-pause setpoint* 
Send a message to the printer task to print the 
ramp information. 

Beep beeper to signal end of ramp segment* 
Send a message to the real time display task to 
display the ramp segment information. 
While (counting down the hold time) 

Wait for half second vake up message from timer 

task. 

Increment the half second hold time counter. 

Check block 6ensor for open or short. 

If (keyboard task detected a PAUSE key) then 

Post a setpoint of current sample temp. 

Send a message to vake up the pause task. 

Go to sleep until awakened by the pause 

task. 

Post pre-pause setpoint. 
Write a data record to the history file. 
Send a message to the printer task to print the 
hold information. 

If (the final setpoint temp has drifted more than 
the 

user configurable amount {cf^tempjdev}) then 
Write an error record to the history file. 
Check for a programmed pause. 
Go to next segment. 
Send a message to the printer task to print an end of 
cycle message. 
Go to next cycle. 
End of CYCLE program. 
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Else if (starting an AUTO-CYCLE program) then 

Add up the total number of seconds in each program 
{secs_in_run} taking into account the instrument ramp time 
and the user programmed hold times which can be 
automatically incremented or decremented by a programmed 
amount each cycle. 

While (counting down the number of cycles {num_cyc)) 

While (counting down the number of setpoints 
{num_seg}) 

Get the final setpoint temp {t_final}. 

Get the hold time {time_hold). 

Check if the user programmed an euto increment or 
decrement of the setpoint temp and/ or the hold 
time and adjust them accordingly. 
If (the auto increment or decrement of the temp 
causes the setpoint to go below 0 # C or above 
99.9°C) then 

An error record is written to the history file. 

The setpoint is capped at either 0°C or 99.9*C. 
Send a message to real time display task to 
display the 

ramp segment information. 

If (ramping down more than 3*C and {t_final) > 
45*C) 
then 

Post an intermediate setpoint. 

While (sample temp is not within a user 

configured 

temp {cf_clk_dev} of setpoint) 

Wait for half second wake up message from 

timer task. 

Increment the half second ramp time 
counter. 

Check block sensor for open or short. 
If (keyboard task detected a PAUSE key) 
then 
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Post a setpoint f current sample 

temp. 

Send a message to vake up th pause 
task. 

Go to sleep until awakened by the 
pause task* 

Post pre-pause setpoint. 
Post the final setpoint* 

While (sample temp is not vithin a user configured 
temp 

{cf_clk_dev} of setpoint) 

wait for half second vake up message from timer 
task. 

Increment the half second ramp time counter. 

Check block sensor for open or short. 

If (keyboard tack detected a PAUSE key) then 

Post a setpoint of current sample temp. 

Send a message to vake up the pause task. 

Co to sleep until awakened by the pause 

task. 

Post pre-pause setpoint. 
Send a message to the printer task to print the 
ramp segment information. 

Beep beeper to signal end of ramp portion of 
segment. 

Send a message to the real time display task to 
display the hold segment information. 
While (counting down the hold time) 

Wait for half second vake up message from timer 

task. 

Increment the half second hold time counter. 

Check block sensor for open or short. 

If (keyboard task detected a PAUSE key) then 

post a setpoint of current sample temp. 

Send a message to vake up the pause task. 

Go to sleep until awakened by the pause 
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task. 

P Bt pre-pause setpoint. 
Write a data record to the history file. 
Send a message to the printer task to print the 
hold information. 

If (the final setpoint temp has drifted more than 
the 

user configurable amount {cfjtemp_dev}) then 
Write an error record to the history file. 
Go to next segment. 
Send a message to the printer task to print an end of 
cycle message. 
Co to next cycle. 
End of AUTO-CYCLE program. 



Else if (starting a POWER FAILURE sequence) then 
Post a setpoint of 4«C. 

Set a flag {subamb_hold} so that the pid task will shut 
off the heated cover, 
DO FOREVER 

Wait for a half second vake up message from the timer 

task. 

Increment the half second hold time counter. 
END FOREVER LOOP 
End of power failure sequence 



Write a run end status record to the history file. 

If (running a method) 

Set a flag {veird_flag} bo the link task will know to send 
a message to the sequence task to start the next program 
running. 

Else 

Return user interface to idle state display. 
End of Forever Loop 

Pause Task Overview 

[0410] The purpose of the pause task is to handle either a pause that the user programs in a CYCLE program or a 
pause when the user presses the PAUSE key on the keypad. 

[0411] When the sequence task encounters a programmed pause while executing a CYCLE program, it goes to 
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sleep and awakens the pause task. The pause task In turn sends a message to the real time display task to continually 
display and decrement the time the user asked to pause for. When the pause timer times out, the pause task sends a 
message to awaken the sequence task and then goes to sleep. The user can prematurely resume the program by 
pressing the START key on the keypad or can prematurely abort the program by pressing the STOP key. 

s [0412] When the keyboard task detects a PAUSE key while a program is running, it sets a flag {pausejlag} then 
waits for the sequence task to acknowledge it. When the sequence task sees this flag set, it sends an acknowledgment 
message backto the keyboard task then puts itself to sleep. When the keyboard task receives this message, it awakens 
the pause task. The pause task sends a message to the real time display task to continually display and increment the 
amount of time the program is paused for. The timer will time out when it reaches the pause time limit set by the user 

10 in the configuration section. The user can resume the program by pressing the START key on the keypad or abort the 
program by pressing the STOP key. 

Pause Task Pseudocode: 

15 [0413] 

Do Forever 

Wait for * message from the keyboard task indicating a 
20 keypad pause, or a message form the sequence, task 

indicating a user programmed pause. 

Go to sleep until a message is received. 
25 When awakened , check a flag for the type of pause 

initiated. 
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If (it is a programmed pause) th n 

Send a messag to the real tim display task t 
display the pause timer counting up. 

Else 

Send a message to the real time display task to 
display the pause timer counting down* 
While (counting down the time out counter) 

Send a message to the system to suspend this task for 
half a second. 

Send a message to the printer task to print the pause 
information. 

If (it is a programmed pause) then 

The pause has timed out so send a message to the wake 
up the sequence task. 

Send a message to the real time display task to halt 
the pause display. 

Send a message to the real time display task to 
resume the running program display. 
Else (it is a keypad pause) 

The pause has timed out and the program must be 
aborted so send a message to the system to halt the 
sequence task and send it back to the top of its 
FOREVER loop. 

If (the program running was a BOLD program) 

Send a message to the printer task to print the 
hold information. 

write a status record to the history rile. 

Return the user interface to its idle state. 

Display an abort message. 
End of Forever Loop 

Display Task Overview 

[0414] The purpose of the real time display task is to display temperatures, timers, sensor readings, ADC channel 
readings, and other parameters that need to be continually updated every half second. 
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Display Task Pseudocode : 
[0415] 

Initialize display task variables. 
Do Forever 

Wait for a message every half second from the timer task. 

Co to sleep until the message is received. 

When awakened, check if another task has sent a list of 

parameters to display or a flag to halt the current 

update. 

Toggle the. half second flag {half_sec>. 

If (there 1 s a list of parameters to display) then 

Set a semaphore so no one else will update the 

display. 

Turn off the cursor. 

While (stepping through the list of parameters) 
If (it is a time parameter) then 
Display the time. 

If (half second flag {half_sec> is set) then 

Increment or decrement the time variable. 
Else if (it is a decimal number) then 

Display a decimal number. 
Else if (it is an integer number) then 

Display the integer. 
Else if (it is an ADC channel readout) then 

Read the counts from the ADC channel. 

If (need it displayed as mV) then 
Convert counts to mV. 

Display the value. 
Else if (it is a power display) then 

Display the power in terms of vatts. 
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Else if (it 1b the hours left parameter) then 
Convert seconds to tenths f hours. 
Display the hours left in tenths of hours* 
If (half second flag {balf_sec} is set) then 
Decrement the seconds variable. 
If (the cursor vas on) then 

Turn it back on. 
Store the current system time in battery RAM. 
Clear the semaphore to release the display. 
End of Forever Loop 

Printer Task Overview 

[0416] The purpose of the printer task is to handle the runtime printing. It is a low priority task and should not interfere 
with other time critical tasks. 
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Printer Task Pseudocode : 
[0417] 



Do Forever 

Wait for a message from another task that vishes to print* 
Co to sleep until a message is received. 
When awaken, make local copies of the global variables to 
be printed. 

Post a printer acknowledgement message. 

If (need to print a status or error message) then 

Print the information contained in the current 

history record. 
Else if (need to print the page header) then 

Print the company name, instrument ID, firmware 

version number and the current system time and date. 
Else if (need to print the program header) then 

Print the type of program and its number. 
Else if (need to print the program configuration 
parameters) then 

Print the tube type, reaction volume and the sample 

temperature deviation from setpoint that starts the 

clock. 

Else if (need to print end of cycle information) then 
Print the ending time and temperature. 

Else if (need to print segment information) then 

Print either the ramp or hold segment information. 

Else if (need to print a pause status message) then 

Print the amount of time paused for and at what temp. 
End of Forever Loop 



LED Task Overview 



[0418] The purpose of the LED task is to make the illumination of the "Heating" LED reflect the power applied t 
main heater. This is a low priority task that runs once a second. 
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35 



40 



45 



[0419] 

5 

Initialize LED task variables. 
Do Forever 

10 Send a message to the system to vake this task every 

second . 

Go to sleep* 

15 awaXe21 ' l°ad counter 2 of Pic timer A with a value 

that reflects the power applied to the main heater as 
follows: 

load counter with value - {X_htled) * <ht_led) 
Where: 

<X_htled} holds a constant to compute the time to 
pulse the heating LED and is equal to 15200 / 500. 
15200 is a little greater than the Pic's clock of 
14.4KHZ and this is the value loaded into the timer 
to keep the LED constantly on* 500 is the main 
heater power. 

{ht_led> will be a value between 0 and 500 and will 
be equal to the watts applied to the main heater. 
End of Forever Loop 



20 



25 



30 



Link Task Overview 



ESLJ'T fhT 86 °' ' ink taSk fe ,0 SlmU ' a,e ,h6 USer ? ressin 3 the START key on the keypad This task is 

n sk wake iTZ T * TTi™ *** ^ ^ h * "Without user intervention ^ 

task wakes up the sequence task and it beg.ns running the next program as if the START key were pressed. 



so 
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Link Task Pseudocode : 
[0421] 

5 

Initialize link task variables. 
Do Forever 

10 lt (the fi a g {veird_flag) is set and it is not the first 

file in 

the method) then 

Send a message to the sequence task to vake up. 

15 

End of Forever Loop 



Start Up Sequence 

20 

POWER-UP SEQUENCE 

[0422] When the power to the instrument is turned on or the software does a RESET, the following sequence takes 
place. Note: the numbers below correspond to numbers on the flow chart. 

25 

1 . Transmit a Ctrl-G (decimal 7) character out the RS-232 printer port. Poll the RS-232 port for at least 1 second 
and if a Ctrl-G is received, it is assumed that an external computer is attached to the port and all communication 
during the power-up sequence will be redirected from the keypad to the RS-232 port. If no Ctrl-G is received, the 
power-up sequence continues as normal. 
30 2. Check if the MORE key is depressed. If so, go straight to the service-only hardware diagnostics. 

3. The next 3 tests are an audio/visual check and cannot report an error: 1) the beeper beeps 2) the hot, cooling, 
and heating LEDs on the keypad are flashed 3) each pixel of the display is highlighted. The copyright and instrument 
ID screens are displayed as the power-up diagnostics execute. 

4. Should an error occur in one of the power-up diagnostics, the name of the component that failed is displayed 
35 and the keypad is locked except for the code "MORE 999' which will gain access to the service-only hardware 

diagnostics. 

5. Check channel 0 of the PPI-B device to see if the automated test bit is pulled low. If it is, run the UART test. If 
the test passes, beep the beeper continuously. 

6. Start the CRETIN operating system which in turn will start up each task by priority level. 

40 7. Check a flag in battery RAM to see if the instrument has been calibrated. If not, display an error message and 

lock the keypad except for the code 'MORE 999' which will gain access to the service-only calibration tests. 
8. Run a test that measures the voltage and line frequency and see if both these values match the configuration 
plug selected while calibrating the instrument. If not, display an error message and lock the keypad except for the 
code "MORE 999' which will gain access to the service-only calibration tests. 

45 9. Perform the heater ping test as described in the Install section. If the heaters are wired wrong, display an error 

message and lock the keypad except for the code 'MORE 999' which will gain access to the service-only calibration 
tests. 

10. Check a flag in battery RAM to see if the instrument has been installed. If not, display an error message and 
lock the keypad except for the code 'MORE 999' which will gain access to the install routine. 
so 11 . |f not in remote mode, check a flag in battery RAM to see if there was a power failure while the instrument was 

running. If so : start a 4°C soak and display the amount of time the power was off for. Ask the user if they wish to 
view the history file which will tell them exactly how far along they were in the run when the power went off. If they 
select yes, they go straight to the user diagnostics. 

12. Beep the beeper and clear the remote mode flag so all communication now is back through the keypad. 
55 13. Check a flag in battery RAM to see if manufacturing wants their test program automatically started. If so, start 

the program running and reset the instrument after its done. 
14. Display the top level user interface screen. 
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[0423] Referring to Figure 50, there is shown a cross-sectional view of a larger volume, thin walled reaction tube 
marketed under the trademark MAX I AM P. This tube is useful for PCR reactions wherein reagents or other materials 
need to be added to the reaction mixture which will bring the total volume to greater than 200 microliters. The larger 
tube shown in Figure 50 made of Himont PD701 polypropylene or Valtec HH-444 polypropylene and has a thin wall in 
contact with the sample block. Whatever material is selected should be compatible with the DNA and other components 
of the PCR reaction mixture so as to not impair PCR reaction processing such as by having the target DNA stick to 
the walls and not replicate. Glass is generally not a good choice because DNA has been known to stick to the walls 
of glass tubes. 

[0424] The dimension A in Figure 50 is typically 0.012 ± .001 inches and the wall angle relative to the longitudinal 
axis of the tube is typically 1 7°. The advantage of a 1 7° wall angle is that while downward force causes good thermal 
contact with the sample block, the tubes do not jam in the sample wells. The advantage of the thin walls is that it 
minimizes the delay between changes in temperature of the sample block and corresponding changes in temperature 
of the reaction mixture. This means that if the user wants the reaction mixture to remain within 1°C of 94°C for 5 
seconds in the denaturation segment, and programs in these parameters, he or she gets the 5 second denaturation 
interval with less time lag than with conventional tubes with thicker walls. This performance characteristic of being able 
to program a short soak interval such as a 5 second denaturation soak and get a soak at the programmed temperature 
for the exact programmed time is enabled by use of a calculated sample temperature to control the timer. In the system 
described herein, the timer to time an incubation or soak interval is not started until the calculated sample temperature 
reaches the programmed soak temperature. 

[0425] Further, with the thin walled sample tubes, it only takes about one-half to two-thirds as long for the sample 
mixture to get within 1 e C of the target temperature as with prior art thick-walled microcentrifuge tubes and this is true 
both with the tall MAX I AMP™ tube shown in Figure 50 and the smaller thin walled MICROAMP™ tube shown in Figure 
15. 

[0426] The wall thickness of both the MAXIAMP™ and MICROAMP™ tubes is controlled tightly in the manufacturing 
process to be as thin as possible consistent with adequate structural strength. Typically, for polypropylene, this will be 
anywhere from 0.009 to 0.012 inches. If new, more exotic materials which are stroger than polypropylene are used to 
achieve the advantage of speeding up the PCR reaction, the wall thickness can be less so long as adequate strength 
is maintained to withstand the downward force to assure good thermal contact, and other stresses of normal use. With 
a height (dimension B in Figure 50) of 1.12 inches and a dimension C of 0.780 inches and an upper section wall 
thickness (dimension of D) 0.395 inches, the MAXIAMP tube's time constant is approximately 14 seconds although 
this has not been precisely measured as of the time of filing. The MICROAMP tube time constant for the shorter tube 
shown in Figure 15 is typically approximately 9.5 seconds with a tube wall thickness in the conical section of 0.009 
inches plus or minus 0.001 inches. 

[0427] Figure 51 shows the results of use of the thinner walled MICROAMP tube. A similar speeded up attainment 
of target temperatures will result from use of the thin walled MAXIAMP tube. 

[0428] Referring to Figure 51 , there is shown a graph of the relative times for the calculated sample temperature in 
a MICROAMP tube versus the time for a prior art tube to reach a temperature within 1°C of a target denaturation 
temperature of 94°C from a starting temperature of 72°C. In Figure 51 , a 100 microliter sample was present in each 
tube. The curve with data points marked by open boxes is the calculated sample temperature response for a MICRO- 
AMP tube with a 9.5 second response time and a 0.009 inch wall thickness. The curve with data points marked by X's 
represents the calculated sample temperature for a 100 microliter sample in a prior art, thick walled microcentrifuge 
tube with a 0.030 inch wall thickness. This graph shows that the thin walled MICROAMP tube sample reaches a cal- 
culated temperature within 1°C of the 94 Q C target soak temperature within approximately 36 seconds while the prior 
art tubes take about 73 seconds. This is important because in instruments which do not start their timers until the soak 
temperature is substantially achieved, the prior art tubes can substantially increase overall processing time especially 
when considered in light of the fact that each PCR cycle will have at least two ramps and soaks and there are generally 
very many cycles performed. Doubling the ramp time for each ramp by using prior art tubes can therefore drastically 
increase processing time. In systems which start their times based upon block/bath/oven temperature without regard 
to actual sample temperature, these long delays between changes in block/bath/oven temperature and corresponding 
changes in sample mixture temperature can have serious negative consequences. The problem is that the long delay 
can cut into the time that the reaction mixture is actually at the temperature programmed for a soak. For very short 
soaks as are popular in the latest PCR processes, the reaction mixture may never actually reach the programmed 
soak temperature before the heating/cooling system starts attempting to change the reaction mixture temperature. 
[0429] Figure 50 shows a polypropylene cap 650 connected to the MAXIAMP sample tube by a plastic web 652. The 
outside diameter E of the cap and the inside diameter F of the tube upper section are sized for an interference tit of 
between 0.002 and 0.005 inches. The inside surface 654 of the tube should be free of flash, nicks and scratches so 
that a gas-tight seal with the cap can be formed. 

[0430] Figure 52 shows a plan view of the tube 651 , the cap 650 and the web 652. A shoulder 656 prevents the cap 
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from being pushed too far down into the tube and allows sufficient projection of the cap above the top edge of the 
sample tube for making contact with the heated platen. This also allows sufficient cap deformation such that the min- 
imum acceptable force F in Figure 15 can be applied by deformation of the cap. 

[0431] In the preferred embodiment the tube and cap are made of Himont PD701 polypropylene which is autoclav- 
5 able at temperatures up to 126°C for times up to 15 minutes. This allows the disposable tubes to be sterilized before 
use. Since the caps are permanently deformed in use in machines with heated platens, the tubes are designed for use 
only once. 

[0432] Caps for the MICROAMP tubes are available in connected strips of 8 or 12 caps with each cap numbered or 
as individual caps, single rows of caps may be used and the rows may be easily shortened to as few as desired or 
10 individual caps may be cut off the strip. Caps for MAXIAMP tubes are either attached as shown in Figure 50, or are 
separate individual caps. 

[0433] The maximum volume for post-PCR reagent additions to permit mixing on the MICROAMP tube is 200 mi- 
croliters and is up to 500 microliters for the MAXIAMP tube. Temperature limits are -70°C to 126°C. 
[0434] The response time depends upon the volume of the sample. Response is measured as the time for the sample 
15 to come within 37% of the new temperature when the block suddenly changes temperature. Typical response time for 
a 50 microliter fill are 7.0 seconds and for a 20 microliter fill are 5.0 seconds. 

APPENDIX A 

20 User Interface 

[0435] The objective of the GeneAmp PCR System 9600 user interface is to provide a simple way to develop and 
run programs that perform PCR. 

[0436] There are 3 types of programs available. The HOLD program consists of a single setpoint held for a set amount 
25 of time or held for an infinite amount of time and terminated by the STOP key. The CYCLE program adds the features 

of timed ramps and programmable pauses. This program allows up to 9 setpoints and up to 99 cycles. The AUTO 

program allows the user to increment or decrement the setpoint time and/or temperature a fixed amount every cycle. 

This program also allows up to 9 setpoints and up to 99 cycles. A METHOD program provides a way to link up to 17 

hold, cycle or auto programs together. 
30 [0437] A total of 150 programs can be stored with numbers ranging from 1 to 150. Programs can be created, stored, 

protected, printed, or deleted. A directory of the stored programs can be viewed or printed. 
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THE SYSTEM 9600 KEYPAD 



Heating 





Cooling 



PAUSE 



Hot 



OPTION 






ENTER 



RUN starts a program running from the program display 

or restarts a programmed or keypad pause. 

MORE toggles the runtime displays and also accesses the 

service-only functions (if followed by the code 
999). 

BACK moves to the previous field within the same 

screen. If currently positioned on the first 
field , it moves to the previous screen. 

STEP moves down to the first field in the next screen. 

PAUSE starts a paused time-out for manual interruptions. 

OPTION either moves the cursor left-to-right through the 
menu items (rolling over to the leftmost option) 
or toggles the YES /NO response. 

STOP aborts a running program or moves the user up one 

level in the user interface. 

CE clears invalid numeric entries. 

ENTER accepts the current numeric entry, accepts a menu 
item, accepts a YES/NO response r or skips to the 
next field of a display. If the numeric entry is 
the last of a display, ENTER steps to the next 
display. 
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COHMOH SYSTEM 9600 DISPLAYS 



PROGRAM display wm^^mm^SSS^Simm 

Prog iff Msg Temp CYCL #17 Done 74. oc- 

Menu RUN-STORE-PRINT-HOMB 

Prog is either HOLD, CYCL, AUTO or METH 

#// is the program f (1-150) or ?7? if it is not 

stored yet 

Msg is either Done, Error, Abort or blank 

Temp is the current sample temperature 

Menu are the available options 

RUKTIKE display Example; 

Action Temp Ramp to 94 ♦OC 29 .6C 

Timer Procy/Cyc _ 10; 00 Cycle 14 

Action is either "Hold at xx.xC* or 'Ramp to xx.xC 1 

Temp is the current sample temperature 

Timer counts down the hold or ramp time or counts up a hold 

time of FOREVER 
Prog/Cyc for a HOLD file is 'Prog xxx" 

for a CYCL or AUTO file is • Cycle xx f - counts up 



MORE display Example: 

Setpt ■ Tot Cyo Setpt #3 Tot Cyc 2S 

Timer _ProgL_ ^"^l^f^^JPrc^^ 

Setpt is the current setpoint t (1-9) - counts up 
Tot cyc is the total / of cycles (1-99) in the current 
program 

Timer is the time left in the program in hrs - counts down 
Prog is the current program t (1-150) 

KEYPAD PAUSE display Example^_ 

Prog /## Temp AUTO #18 55* 0C 

PAUSE Timer PAUSE 9 :45 

Prog is either HOLD, CYCL, AUTO or METH 

//# is the program * (1-150) or ??? if it is not 

stored yet 

Temp is the current sample temperature 
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Timer is th configurable pause tine - counts down 

TOP LEVEL DBER XNTERTACI 



Select Option 9600 
RUN-CREATE-EDIT-inTL 

TOP LEVEL display 



Run 

Enter program 


fxxx 


Create program 
BOLD-CYCL-AUTO*METH 


RUN display 




CREATE display 


Edit 

Enter program 




Select function 
DIR-CONFIG-DIAG-DEL 


EDIT display 




UTIL display 



Programs are created by selecting a program type in the 
CREATE display. The user is brought directly to the first 
display of the program to be edited. 

Stored programs are retrieved by entering a number 1 to 150 
from the ROT, EDIT, or program displays. Entering a valid 
program number from the RUN display automatically begins the 
run. Entering a valid program number from the EDIT or 
program display brings the user to the first display of the 
program to be edited. 

Programs are edited by pressing STEP (move down a screen) , 
BACK (move to the previous field) or ENTER (move to the next 
field) . 

Programs are run by selecting RUN the EUN-STORE-PRINT-HOMB 
menu or by pressing the RON key on the keypad. The user 
must first enter 2 parameters required for each run. 



^^^^^^^^^^ The OPTION key toggles the tube 
Tube type : mCRO type from MICRO (KicroAmp tube) 

React vol : lOOuL tD THXW (thin-walled GeneAmp 

^^mam^mm^^^^ tube), if the user configured a 

special tube, then the option of 
OTHER is added. A different 
reaction volume may be entered. 
These parameters are stored with 
this program. ENTER accepts 
these values. 



™ If the user configured the 

Select print mode runtime printer ON and he is 

OFF-CYCLE-SETPOINT running a cycle, auto or m thod 

1 n ■ — — program, then the following 
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print r choic s are off red, the 
program is started. CYCLE prints 
a message only upon completion 
f a cycle. SETPOINT prints 
runtime data for every setpoint 
(ramp/ hold time and temps) . 



mm mm mm — mmm^m — — If the user configured the 
_ . . runtime printer ON and he is 

select print mode running a hold program, then the 

QFF-ON following printer choices are 

offered* 



— If the heated cover is below 

100 # C, the following screen is 
cover temp is x£C disp^yed* if the user is on 

Run starts at 100'C ^ iBplay vhen the heated 

cover reaches 100°C, the run 
automatically begins* If the 
user bit STOP to return to the 
program display, then the run 
must be manually re-started. 

Accepting HOME at the RUN-STORE-PRINT-HOKE aenu without 
saving a program displays the screeiu__ 

prog /xxx not stored 
Continue? YES m 
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HOLD PROGRAM 



HOLD #XXX XX. XC 

PUN-STORE-PRIKT-HOME 

PROGRAM display 

_ MaaM ^ H ^ HM The user can choose between an 
Hold at xx. *C infinite soaJc or a tine limited 

Hold FQREVER-xxxrxx hold. 



The beeper will sound once a 
Beep while Hold? Hfi second. 



BOLD PROGRAM - Runt in* displays 



Hold at xx. xC xx. xC 
xxx;xx Prog xx 



RUNTIME display 



HOLD #XX 
PAUSE xxtxx 



XX. XC 



KEYPAD PAUSE display 



None 



MORE display 



Hone 



PROGRAMMED PAUSE 



HOLD PROGRAM - Runtime printout 

PE Cetus GeneAmp PCR System 9600 Ver xx.x Nov 14, 1990 
xx:xx am 

Tube type: MICRO Reaction vol:100uL Start clock within x.xC 
of setpt 

HOLD program #xxx 

HOLD Program: xx.xC xxx:xx Actual: xx.xC xxx:xx 
or 

HOLD Program: xx.xC FOREVER Actual: xx.xC xxx:xx 
HOLD program #xxx - Run Complete Nov 14 , 1990 xx:xx am 
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CYCLE PROGRAM 



CYCL /XXX TOt.XC 
SUN-STORE-PRI^HOME_ 

program display 



X Temperature PCR 



The default is 3. This 

determines the number o£ 

setpoints in this program. 1 to 
9 setpoints are allowed* 



Setpt #1 Hasp x*:xx 

XX.XC Hold XX!XX 



Total cycles m XX 
Pausedurinc^un?^^ 



The number of setpoints entered 
above determines how many 
setpoint edit displays will be 
offered . The user can enter a 
ramp and hold time for each 
eetpoint. The hold timer will 
start when the sample temp gets 
within a user conf igurable temp 
of setpoint. 

If the user does NOT want to 
pause , then the next 3 displays 
are skipped. 1 to 99 cycles are 
allowed. 



Entering a 0 for setpoint number 
also means the user does NOT 



S^JS^JS™ v * nt to P au6e the next 

Beep while pause?YES % displays are skipped. 



1st, pause at cycl xjc entered above. 
Pause every xx cycls ercerea aoove. 



The cycle number is limited to 
the total number of cycles 



Pause time x£:xx 



The default pause time is set in 
the user configuration.. 
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CYCLE PROGRAM - Runtime displays 



Ramp to xx'^C xx.xC Setpt'-#x Tot Cyc xx 

m xxx : xx cycle xx Hrs Heft X.X Proqxxx 

RUNTIME display (ramp) MORE display 



Hold at xx. xC xx.xC 
_ xxxxxx cycle xx 

RUKTIME displhy (hold) 



CYCL /xxx 
PAUSE xx:xx 



xx. xC 



KEYPAD PAUSE display 



Setpt /x xx.xC 

PROGRAMMED PAUSE 



CYCLE PROGRAM - Rout ins printout 

PE Cetus GeneAmp pCR System 9600 Ver xx.x Nov 14- 1990 
xx:xx am 

Tube type: MICRO Reaction vol:100uL Start clock vithin x.xC 
of setpt 

CYCL program /xxx 
Cycle /xx 

Setpt fx RAMP Program: xx.xC xx:xx Actual: xx.xC 

xxsxx 

HOLD Program: xx.xC xx:xx Actual: xx.xC 

xx:xx 

♦ 

(up to 9 setpoints) 

(up to 99 cycles) 

CYCL program /xxx - Run Complete Nov 14 , 1990 xx:xx am 
CYCL program /xxx - User Aborted Nov 14, 1990 xx:xx am (only 
if aborted) 
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AUTO PROGRAM 



AUTO txxx XX. XC 

EUN-STORE-PRIHT-HOME 

PROGRAM display 



X Temperature PGR 



The default is 3* This 

determines the number of 

setpoint 6 in this program. 1 to 
9 setpoints are allowed. 



Setpt /l xx. %C 
Hold for xx:xx 



setpt fx xx. xc 
Change time/temp7YES 



The number of setpoints entered 
above determines how many 
setpoint edit displays vill be 
offered. Ho ramp time is offered 
thus the instrument ramps as 
fast as possible. The hold 
timer start when the sample temp 
gets within a user conf igurable 
temp of setpoint. 

If the user wants to increment 
or decrement the time and/or 
temperature every cycle, then 
the following display is 
offered. 



xx. xC delta _ x.xC 
delta xxzxx 



Total cycles * xx 



The OPTION key toggles the arrow 
up (increment every cycle} or 
down (decrement every cycle). 
The max time allowed to 
decrement is limited to the 
setpoint hold time. 

Up to 99 cycles are allowed. 
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AUTO PROGRAM - Runt in display* 



Hold at xx.xc xx. xc Setpt fx Tot Cyc xx 



RUNTIME display MORE display 



AUTO fxxx xx. xc "Nona 

PAUSE XXI XX 



KEYPAD PAUSE display PROGRAMMED PAUSE 



AUTO PROGRAM * Runtima printout 

PE Cetus GeneAmp PCR System 9600 Ver xx,x Kov 14 , 1990 
xx:xx am 

Tube type; MICRO Reaction vol:i00uL Start clock within x.xc 
of setpt 

AUTO program #xxx 
Cycle fxx 

Setpt /x RAMP Program: xx.xc xx:xx Actual: xx.xc 

xx:xx 

HOLD Program; xx.xc xx:xx Actual: xx.xc 

xx:xx 

(up to 9 setpoints) 
(up to 99 cycles) 

• 

AUTO program /xxx • Run Complete Kov 12, 1990 xx:xx am 
AUTO program /xxx - User Aborted Kov 12, 1990 xx:xx am (only 
i if aborted) 
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METH /XXX - XX. xC 
JgN^STOR^^ 

PROGRAM display 



Link progs; 



Up to 17 programs can be linked 
in a method. If the user tries 
to enter a non-existant program 
#, the message "Prog does not 
exist* is displayed. If the user 
tries to link another method, 
the message * Cannot link a 
method 1 * is displayed. 



METHOD PROGRAM - Runtime displays 

The RUNTIME, MORE and PAUSE displays vill be those of the 
program currently running. Two additional MORE displays are 
offered when the program running is linked in a method. 



wmmmmmmmmmmmmmmmmmmm^mmmm^ The number of the program 

MET* #x*x eaa-bbb- currently running will flash, 
ccc-ddd-eee-f ff-ggg^_ 
ADDITIONAL MORE display 



hhh-iii-jjj-kkk-111- 
mmm-nnn^t^^ 



METHOD PROGRAM - Runtime printout 

PE Cetus GeneAmp PCR system 9600 Ver xx.x Nov 14 , 1990 

xx:xx am _ . , ^ - 

Tube typerMICRO Reaction vol:100uL Start clock within x.xc 

of setpt 

KETBOD program #xxx • preceeds all linked 
program data 
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S^gS fit?" ^ ~ Meth Complctc * £ llovs a11 linked 



XETBOD PROGRAM - Print 



Select option 
gSTHOD-PROGRAM DATA 



METHOD prints the header of each program linked in the 
method* 

PROGRAM DATA prints the header and contents of each 

program linked in the nethod. 
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STORIKG A PROGRAH 



When STORE is selected from the RUN-£TORE-PRINT~HOME menu, 
the routine for storing a program is the suae for a ^f il as 
veil as a method.. Protecting a program insures the user 
that the program will not be overwritten or deleted without 
knowledge of the user number . other users will be able to 
view, edit, run, and link the protected file in their 
methods but will not be able to alter the stored version. 

w^mmmmmmmmmmmmmmmmmmm is the first available 

program number from 1 - 150 ♦ 



store 
Enter program_*xx2L 



Frogxxx is protected 
Enter user #xxxx 



The user has entered the # of a 
protected program. The correct 
user f must be entered in order 
to overwrite this program. 



Frogxxx is protected 
Wronc^jsej^iumber^^ 



Progxxx is linked in 
Methxxx Continue?YES 



Can *t overwrite prog 
Linked in method xxx 



The wrong user 0 was entered. 
This display remains for 5 
seconds before reverting to the 
previous one. The user is given 
3 chances to enter the correct 

If the user tries to overwrite a 
program that is linked in a 
method, the user is warned and 
given the option of continuing 
or not. 

If the user tries to overwrite a 
program that is linked in a 
method with another method, an 
error message is given* 



Store 

Protec^grogJSSi^JS, 



The user is given the chance to 
protect a program as well as 
unprotect a previously protected 
program. 



Store 

Enter user #xxxx 



The user wants to protect the 
program and therefore must enter 
a user #. 



Ready to store the program in an available slot. The user 
t appears only if the program is protected. 
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Prog fxxx User #xxxx Ready 
OK to store? YES prog /xxx User /xxxx * ° 

OK to overwrite? YES overvr 

*^~—~—^^mmmm~*—m ite en 

exist! 
n g 
progra 
»• The 
user # 
appear 
© only 
if the 
progra 
tt is 
protec 
ted. 



UTILITY F0NCTIOK8 



Select function 
DIR-COKFIG-PIAO-DEL 
UTIL display 



DIR allow the user to view or print a directory of the 

stored programs by either their program number, 
user number or program type, 

COKPIC allows 'the user to tailor the use of the instrument 
to their specific needs, 

DI*G offers the user a means of diagnosing runtime 
problems and verifying the performance of the 
instrument. 

ML allows the user to delete stored programs by 

program number , user number or program type. 
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TOIL - DIRECTORY 



Directory 

PROG-TYPE-USER-PRIKT 



Directory toy pROGram number 

Programs will be listed in 
numerical order starting at the 
given number* The STEP and BACK 
keys move through the directory 
displays* The beeper sounds at 
the beginning or end of the 
program list. 

STOP returns the user to the 
hold /124 above display • 



Directory 

Enter program /xxx 



Directory by program TYPE 

™™ program numbers will be 

Directory listed for the selected type of 

HOLD-CVCL-AUTO-METH program. 



CVCL #15 



Directory by USER number 

All programs stored under the 

Directory U£er nuaber vil1 

Enter user fxxxx listea. 



METH #150 User #1234 



Directory prikt 
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■^"■^™™""^—^™»«» The user can get a hardcopy of 

Directory Print tt directory listing in the 

prog-type-USER same manner the directory is 

— ■ MMMMMMi viewed above. 
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TOIL - USER CONFIGURATION 



" ™" ■ ™ m ■ The configuration file can be 
r^f^,y,H^ edited by accepting EDIT from 

the menu or by pressing the STEP 
fcuxx rKxtii key> pRIKT prints the contents 

of this file. 



Tine: xx:xx and date# 

Date^mm^dd^j^^^^ 



The user can set the system time 



Runtime printer OF£ 
Runtime beeper ON 



Pause time-out limit 
xx:xx : 



Allowed setpt error 
x.x # C 



If the runtime printer is 0N # 
the user will be prompted with 
printer option as- the start of 
each run. If the runtime beeper 
is ON, then a beep will sound at 
the end of each segment (after a 
ramp or hold portion of a 
sequence) vhile running a 
program. 

This time represents the maximum 
amount of time a program can 
pause for before it is aborted. 
This pertains only to the keypad 
pause. 

This time represents the number 
of degrees the actual sample 
temp may vary from the setpoint 
before an error is flagged. 



Idle state setpoint 
xx*C . 



Start clock within 
x«x°C of setpoint 



This setpoint is useful for 
balancing the control cooling 
power which is always present. 
The sample temp will be 
maintained at the idle state 
setpoint whenever the instrument 
is idle. 

The clock which times the hold 
segment of a running program can 
be configured to be triggered 
when it gets within this 
temperature of the sample temp. 
The nominal value is 1.0«C. 



If the user wishes to use a different type of tube other 
than the MicroAmp or Thin-walled CeneAmp tubes, they must 
set this option to YES and enter at least 3 pairs of 
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— ™" reaction volume and tube time 

Special tube? NO constant data. This curve will be 

used to extrapolate the correct 
■■■■■■■■■■■■■■■■■■■■m™ Tau (tube time constant) for each 

run using this special tube 
depending on the reaction volume entered by the user at 
the start of a run. 



UTIL - USEE CONFIGURATION (cont) 
mmmm mmmmmmammmmmam^m 3 6e ts of this screen will be 
Kxn vol-xxxuL T«xxxs "Special tube?- to YES. 
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UTIL - DELETE 



Delete 

PROGRAM-USER-ALL 



delete by PROGRAM 



Delete 

Enter program /xxx 



All programs (files and methods) 
can be deleted by number* 



Can't delete progxxx 
t/tnVed in methodxxxl 



A program cannot be deleted if 
it linked in a method. 



Progxxx is protected 
ynfcer user /xxxx 



The user has entered the / of a 
protected program. The correct 
user / must be entered in order 
to delete this program. 



Progxxx is protected 
Wr^iv^iser^jnu^er^^^ 



Prog /xxx User /xxxx 
Deleteprogram^^E^ 



The wrong user / vas entered. 
This display remains for 5 
seconds before reverting to the 
previous one. The user is given 
3 chances to enter the correct 
/• 

Ready to delete the program. The 
user / appears only if the 
program was protected. 



Delete by USER 



Delete 

Enter user /xxxx. 



Delete 

No progs vith /xxxx 



Programs can be deleted under a 
given user number. 



If no programs exist vith the 
given user /, the following 
message is displayed. 
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Progs linked in Beth 
STEP to list progs 



Programs cannot be deleted if 
they are linked in a method. The 
STEP key will cycle through the 
li6t of linked programs* 



UTIL • DELETE (coat) 



Can't delete progxxx 
Linked in methodxxxt 



The list of the linked programs 
vill show which method the 
program is linked to. 



User fxxxx 

Delete all progs?YES 



This vill delete all the 
programs under the given user # 
that are not linked. 



Delete ALL 



Delete every 
^ingrotectedjgrogTYE^ 



This vill delete every 
unprotected program that is not 
linked in a protected method. 
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UTIL - TJ8ER DIAGNOSTICS 

While running any diagnostic test, the STOP key always 
returns the user t the top level diagnostic scr en and 
automatically increments the test number and name to the 
next test* This facilitates manually cycling through the 
available diagnostics. 

mmmm—m—m——*^^—m The user can enter the number of 

the diagnostic to run or can use 
the STEP or BACK keys to cycle 
through the available tests* 
Every time the STEP or BACK key 
is pressed, the test number is 
incremented or decremented and 
the associated test name is 
displayed- This feature 

eliminates the need for the user 
to memorize the number 
associated with each test. 



Enter Diag Test /l 
REVIEW HISTORY FILE 



REVIEW SI8T0RY FILE 



Enter Diag Test #j> 
REVIEW HISTORY FILE 



HISTORY rmn recs 
ALL-STAT-ERRQRS-PKNT 



The history file is a circular 
buf f er in battery RAM which can 
store up to 500 records of the 
latest run. When the buffer is 
full, the oldest entries will be 
overwritten. The buffer will 
automatically be cleared before 
a program is executed. 

The history file header displays 
the current number of records in 
the file (•nnn*)* 
_________ ALL views all the records 

STAT views only the status 
records 

errors views only the records with 
error messages 

PRKT prints all or part of the history 
file 

The two types of records are 1) status records which give 
information about the program and 2) data records which give 
information abount each hold and ramp segment in a program. 
A Hold program is treated as one hold segment and the data 
record will be stored when the file ends. 

Since there could be hundreds of entries (50 cycles X 6 
setpoints 350 entries), fast, bi-directional movement 
through the file is required. Kote that most FCR programs 
will be 3 or 6 setpoints and 40 cycles or less. The ^entries 
will normally be reviewed in reverse order, thus the rirsx, 
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record seen vill be the last record written. 

If the user has' chosen a type of record to view, STEP or 
BACK will move down or up the buffer by one entry of the 
chosen type. By preceding STEP or BACK with a number, the 
second line is replaced with "Skip /XXX entries". The user 
enters a number and presses ENTER to accept the value and 
backward^BACK) entrieS is 6ki PP ed 90ing forward (STEP) or 

By preceding STEP or BACK with the run key, the user can 
quickly move to the largest record / (the newest record) or 
record fx (the oldest record) of the chosen type. 

STOP terminates the review mode and displays the file 
header. 
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STATUS RECORD 

is either HOLD, CYCL or 



• ffff /xxx/mmm 
messag^^^^ | 



nnn 



'ffff 1 
AUTO 

•xxx f is the program number 
i/sunm 1 is the method number for 
a linked program, else blank 



♦nnn 1 is the record number ^ 

•message 1 is one of the following: 



Status messages 

Tube Type: xxxxx 
Reaction vol: xxxuL 
elk starts w/in x.xC 

Start xx/xx/xx xxtxx 
End xx/xx/xx xx:xx 
Meth Complete 

pause xx:xx at xx.xC 



Type of sample tube used in the run 

Reaction volume used in the run 
The hold clock starts vithin this temp 
of setpoint 

Time and date of the start of the run 
Time and date of the end of the run 
All programs linked in the 
method are complete 
The program paused for this time at 
this temp 

A sensor had a bad reading 10 
times in a row 
The power was off for this amount of 
time 

The user pressed the STOP key during 
the run 

The keypad pause has reached its 
configurable time limit. 

Is the requirement to abort a program 
if the setpoint is not reached within 
a calculated amount of time. A 10 X 
10 lookup table of starting ramp 
temperature (0«C - 100«C in 10«C 
increments) vs. ending ramp 
temperature (same axis labeling) will 
hold the average time the TC2 should 
take to ramp up or down any given 
amount of degrees. The file will be 
aborted if the setpoint is not reached 
in the amount of time calculated as 
follows: 

programmed ramp time + (2 * lookup table value) + 
10 minutes 



Fatal status messages 

Sensor Error 

Power fail xxx.x hrs 
User Abort 
pause Timeout xx:xx 
Fatal Setpoint Error 



DATA RECORD 

•f 1 is either HOLD, CYCL or AUTO 
•xxx* is the program number 
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^ 9 /mm* is the method number for 
f/xxx/mmm ddd.dC nnn a linked program els blank 
Cycyy Setpt z m mmiss •ddd.d* is the nding 6etpoint 

temp 

• nnn • 
is the 
record 
number 

•yy 1 is the cycle number 
•z 1 is the setpoint number 
•mmnuss' is the setpoint time 

The cycle and setpoint number fields vill be omitted for a 
Hold program.. 



DATA ERROR RECORD 



— •ddd.d' is the ending setpoint 
message ddd.dC nnn teB P 

Cycyy Setpt z mmmi cs f nnn f is the record number 
,m 1 11 r ■ f yy' is the cycle number 

•z* is the setpoint number 
f mmm:ss f is the setpoint time 

'message 1 indicates a non-fatal error 
as follows: 

Koa-fatal Error mtssagas 

Setp Error The setpoint was not reached in the calculated 
time: 

programmed ramp time ♦ (2 * lookup table 
value) . r 

Prog Error An Auto program auto increment/decrement of the 
setpoint temp or time caused the hold time to go 
negative or the temp to go out .of 

the range 0.1*C to 100°C. 

Temp Error At the end of the segment, the setpoint temp has 
drifted 4/- a user configurable amount. 

For the Hold: program, the cycle and setpoint fields will be 
omitted. 
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PRINTING THE HISTORY FILE 

Access, to the history file print routines is through the 
history f ile h ader menu* The OPTION Xey cycles the curs r 
through the options: 



HISTORY nnn recs 
ALL-STAT-ERROR5-ERNT 



Pressing the ENTER key when the cursor is positioned under 
PRNT displays the print screen: 



Print History 

ALL- S TAT * ERRORS 



ALL prints all the records in the file 

STAT prints only the status records 

ERRORS prints only the records with error messages 

When one of print options is selected, the following screen 
is displayed: 



Print History 
Print from prog #xx 



The first (most recent} program number will be the default 
program. The user can change the program number from which 
to begin printing. While printing, the following screen is 
displayed: 



Print History 



At the end of printing, the Print History menu is again 
displayed. 
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HEATER TEST 



Enter Diag Test fZ 
HEATER TEST . 



The heater test calculates the heat rate of the sample block 
as its temperature rises from 35 *C to 65 # C. The following 
screen is displayed as it forces the block temperature to 
25*C. 



Heater Test Blk=XX.X 
going to 3SC««« 



When the temperature stabilizes 0 all heaters are turned on 
full power. The display now reads "going to 65C" and the 
block temperature is monitored for 20 seconds after it 
passes 50 *C After 20 seconds , a pass or fail message is 
displayed. 



Heater Test PASSES 
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CHILLER TEST 



Enter Diag Test 
'CHILLER TEST 



The chiller test calculates the cool rate of the cample 
block as its temperature drops from 35*C to 15 •<:, The 
following screen is displayed as it forces the block 
temperature to 35«C. 



Chillr Test Blk-XX.X 
going to 35C»«» 



When the temperature stabilizes, the chiller is on- The 
display now reads "going to ISC" and the block temperature 
is monitored for 20 seconds after it passes 25 # C* After 20 
seconds , a pass or fail message is displayed. 



Chiller test PASSES 



Claims 

1. A system for controlling an apparatus for automated performance of polymerase chain reactions in at least one 
sample tube containing a known volume of a liquid sample mixture, comprising: 

(a) a sample block (12) having at least one well for said at least one sample tube (10), 

(b) a computing apparatus (20), 

(c) heating (14, 156) and cooling (34, 40) means controlled by said computing apparatus (20) for changing 
the temperature of said sample block (12), and 

(d) a block temperature sensor (21) thermally coupled to said sample block (12), said sensor providing to said 
computing apparatus (20) the temperature of said sample block (12) over time, 

said computing apparatus (20) including means for determining the temperature of said liquid sample mixture as 
a function of the temperature of said sample block (1 2) overtime, wherein said computing apparatus (20) comprises 
means for storing one or more values related to a first thermal time constant; optionally between approximately 5 
and 14 seconds, corresponding to said sample tubes (10) and said volume of said sample mixture, and storage 
for a second thermal time constant corresponding to said block temperature sensor (21 ), 

preferably, said means for determining the sample temperature as a function of the temperature of said sample 
block (12) over time includes means for determining the sample temperature as a function of said first and second 
thermal time constants, 

optionally wherein said computing apparatus (20) determines said sample temperature in a current sample interval 
at a current time n as: 
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T samp n = T samp n . 1 + ( T B n - ^amp^) * interval/ 3 " 

where T samp n is equal to the sample temperature at time n, T samp n .., is equal to the sample temperature at an 
immediately preceding sample interval having occurred at time n-1 , T B n is equal to the block temperature at time 
n < Wervai is a time in seconds between sample intervals, and tau is said first thermal time constant minus said 
second thermal time constant; 

preferably said system further includes an input device for receiving user defined setpoints : optionally target sample 
temperatures, defining a hold time/temperature profile, wherein said computing apparatus (20) includes means 
for controlling said heating (14, 156) and cooling (34, 40) means as a function of said user defined setpoints and 
said sample temperature. 

A system as claimed in claim 1 , wherein said sample block (12) is comprised of a central region containing in an 
upper surface an array of sample wells (66 : 68) for holding said sample tubes (1 0), an end edge region (256, 258) 
comprising two end edges at opposite ends of said block which are in thermal contact with ambient, and a manifold 
region (260, 262) comprising two manifold edges at opposite sides of said block, wherein each said manifold edge 
is thermally coupled to a manifold. 

A system as claimed in claim 2 wherein said heating means is a heater (156) having a central heating zone (254) 
thermally coupled to said central region, an end edge heating zone (256 258) thermally coupled to said edge 
region, and a manifold heating zone (260, 262) thermally coupled to said manifold region. 

A system as claimed in claim 3 wherein said computing apparatus (20) determines a first power to be applied to 
said heating zones in said current sample interval by: 

(a) determining a theoretical second power representing the total power to apply to said block in said current 
sample interval without accounting for power losses, 

(b) dividing said theoretical second power into theoretical powers to be applied to each said individual zone 
in said current sample interval, 

(c) determining power losses by said regions in said current sample interval, and 

(d) determining an actual third power to be applied to each said individual zone in said current sample interval, 
said third power accounting for power losses by said regions. 

A system as claimed in claim 4, wherein one of said user defined setpoints is the target sample temperature after 
ramping said sample temperature at a preselected ramp rate, and wherein said computing apparatus (20) includes 
means for determining said theoretical second power to be applied to all said zones, including: 

(a) means for determining a total fourth power to all heating zones to achieve said preselected ramp rate, 

(b) means for determining said temperature of the sample block in said current sample interval as a function 
of said fourth power, 

(c) means for determining said sample temperature in said current sample interval; 

(d) means for determining a fraction of the difference between the target sample temperature after ramping 
and the sample temperature in said immediately preceding sample interval to be made up in said current 
sample interval, and 

(e) means for determining said theoretical second power to make up said fraction in said current sample 
interval, 

optionally said system additionally comprises bias cooling constantly applied to said sample block (12), wherein 
said computing apparatus (20) includes means for determining a total fourth power to ail heating zones to achieve 
a desired ramp rate according to: 
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Power = CP/ramp_rate + bias 

where Power is said total power to all heating zones to achieve a desired ramp rate, CP equals the thermal mass 
of said block, bias is the cooling power of said bias cooling and ramp_rate is the difference between the target 
sample temperature after ramping and the sample temperature at the commencement of ramping d.v.ded by a 
preselected ramp rate, 
preferably 

(I) said computing apparatus (20) determines said temperature of said sample block (1 2) in said current sample 
interval according to: 

X = X-i +Power *(Wva/CP) 

where T B . is equal to the temperature of the block at time n-1 , is the time in seconds between sample 
intervals, preferably approximately 0.2, CP is equal to a thermal mass of said block, and Power .s sa.d fourth 
power, and/or 

(II) said computing apparatus (20) determines said theoretical second power to make up said fraction in said 
current sample interval as a function of 

CP/t |ntarval * ((SP-Tsampn-l) * F * ^Interval 
+ ^sampn-1 " "^Bn) 

where Pwr equals said theoretical second power to be applied to make up said fraction in said current sample 
interval CP is equal to a thermal mass of said block, SP equals said target sample temperature after ramping, 
and F is said fraction of the difference between said target temperature after ramping and said sample tem- 
perature to be made up in said current sample interval. 

A system as claimed in any preceding claim, wherein said known volume of liquid sample mixture is in the range 
of approximately 20-100 microliters. 

A system as claimed in claim 5 or claim 6, wherein said computing apparatus (20) adjusts said theoretical second 
power 

(a) to make up said fraction in said current sample interval when said sample temperature in said immediately 
preceding sample interval is within an integral band, preferably approximately +/- 0.5°C, of said target sample 
temperature after ramping, in order to close out remaining error, or 

(b) to make up said fraction in said current sample interval by adding thereto a power adjustment term, to 
account for power which, because of physical limitations, was not delivered in previous sample intervals, given 
by: 



int sum = int_sum + (SP T samD > 
pwr adj = ki * int_sum 

n 

where pwr_adj equals said power adjustment term, int_sum n is a value of an accumulating integral term at 
time n int sum n , is a value of said accumulating integral term at time n-1, SP equals said target sample 
temperature after ramping, ^samp,,., equals the temperature of the sample at time,,, , and ki equals an integral 
gain constant, preferably approximately 51 2. 
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8. 



A system as claimed in claim 4, wherein said computing apparatus (20) divides said theoretical second power into 
the theoretical power to be applied to each said individual zone in proportion to the relative areas of said zones. 



9. A system as claimed in any one of claims 3 to 4, wherein said computing apparatus (20) determines power losses 
by: 

(a) determining power lost to a foam backing on said sample block (12) in said current sample interval pref- 
erably ' 

(I) (i) determining temperature of said foam backing in said current sample interval, T, preferably 
according to: mm 7 

T foam n ^foarrv, +(T b n ^foam^ * 'interval / teu2 

where Tf oa m n is equal to the temperature of the foam at time n, Tfoam^ is equal to the foam temperature 
at time n-1, and tau2 is said thermal time constant of said foam backing, preferably approximately 30 
seconds and preferably t inlerval is approximately 0.2. 

(ii) determining the block temperature in said current sample interval, and 

(iii) determining said power lost to said foam backing as a function of said temperature of said foam backing 
in said current sample interval, said temperature of said block in said current sample interval, and a thermal 
time constant of said foam backing; optionally wherein said computing apparatus (20) determines said 
temperature of said sample block (12) in said current sample interval according to: 

T B n =T B n .i +POWer * < Wrval/ CP) 

where T B n . n is equal to the temperature of the block at time n-1 , t hterval is the time in seconds between 
sample intervals, CP is equal to the thermal mass of said block, and Power is a total fourth power to all 
heating zones to achieve said preselected ramp rate, 

(b) determining power lost to said manifolds in said current sample interval, and 

(c) determining power lost in said end edge region to ambient in said current sample interval. 

10. A system as claimed in claim 9, wherein said computing apparatus (20). determines the power lost to said foam 
backing as a function of said temperature of said foam backing according to: 

foam-pwr = C * (T D -T, , 

B n foam n ) 

where foam-pwr is said power lost to said foam backing at time n, Tf oa m n is equal to the temperature of the foam 
at time n and C is equal to the thermal mass of the foam backing. 

1 1 . A system as claimed in claim 9 or claim 1 0 additionally comprising means for delivering a bias coolant constantly 
applied to said sample block (12), wherein said computing apparatus (20) determines the power lost to said man- 
ifolds in said current sample interval according to: 

manifold_lo S s = KACT T )+KC(T T_ ) + TM (cfT/tft) 

where manifoldjoss equals said power lost to said manifolds in said current sample interval, KA equals an end 
edge region-to-ambient conductance constant, M n equals the ambient temperature at the time n. ^C n equals a 
temperature of said bias coolant at time n, KC equals a sample block-to-coolant conductance constant, TM equals 
the thermal mass of said manifolds and oT/dt equals said preselected ramp rate. 
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12 A system as claimed in any one of claims 9 to 11 , wherein said apparatus for performing automated polymerase 
chain reactions includes an enclosure for said sample block (12) defining an enclosed ambient atmosphere and 
said computing apparatus (20) determines the power lost to ambient in said current sample interval according to: 

ambient Joss = K2A' (Tg -T^ ) + K2C(Tg -Tq ) + 



TM2(oT/dl) 



where ambientjoss is said power lost to said ambient in said current sample interval, K2A equals an end edge 
region-to-ambient conductance constant, T A n equals ambient temperature at time n, K2C equals an end edge 
region-to-coolant constant, T C n equals the coolant temperature at time n, TM2 equals the thermal mass of said 
enclosed ambient atmosphere, and dT/dt equals said preselected ramp rate. 

13. A system as claimed in any one of claims 3 to 4, wherein said computing apparatus (20) determines said actual 
power to be applied to each said individual zone in said current sample interval according to: 



centraLpwr = pwr * cper 



manifold_pwr = pwr * mper + manifoldjoss 



edge _pwr = pwr * eper + ambientjoss 

where pwr equals said theoretical power, manifoldjoss equals a power lost to said manifolds in said current sample 
interval ambientjoss equals a power lost in said edge region to said ambient in said current sample interva , 
centraLpwr equals a power to be applied to said central heating zone (254) in said current sample interva , 
manifold_pwr equals a powerto be applied to said manifold heating zone (260, 262) in said current sample interval, 
edge_pwr equals a powerto be applied to said end edge heating zone (256, 256) in said current sample interval^ 
cper equals fraction of sample block area in said central region, mper equals fraction of sample block area in said 
manifold region, and eper equals fraction of sample block area in said edge region, optionally wherein cper equals 
approximately .66, mper equals approximately .20 and eper equals approximately .14. 

1 4 A system as claimed in any one of claims 2 to 4, wherein said sample block (12) contains multiple transverse bias 
cooling channels (91 - 99) alternating with multiple transverse ramp cooling channels (100 - 107), said bias and 
ramp cooling channels (91 - 107) being parallel to said upper surface, "said apparatus further comprising means 
for constantly pumping chilled coolant through said bias cooling channels (91 - 99) and valve means control ed by 
said computing apparatus (20) for selectively pumping chilled coolant through said ramp cooling channels (100 - 

Preferably said computing apparatus (20) determines a theoretical cooling powerto be applied to said block (12), 
more preferably said computing apparatus.(20) includes means for determining said cooling power, including 

(a) means for determining a total fifth powerto said block to achieve a desired downward ramp rate, 

(b) means for determining said temperature of the sample block (12) in said current sample interval as a 
function of said fifth power, 

(c) means for determining said sample temperature in said current sample interval, 

(d) means for determining a fraction of the difference between the target sample temperature after ramping 
downward and the sample temperature in said immediately preceding sample interval to be made up in sa.d 
current sample interval, and 

(e) means for determining said theoretical cooling power to make up said fraction in said current sample in- 
terval, 
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optionally said system 

(A) additionally comprises bias cooling constantly applied to said sample block (12), wherein said computing 
apparatus (20) includes means for determining a total fourth power to all heating zones to achieve a desired 
ramp rate according to; 



Power = CP/ramp_rate + bias 

where Power is said total fourth power to said block to achieve a desired ramp rate, CP equals the thermal 
mass of said block, bias is the cooling power of said bias cooling and ramp_rate is the difference between the 
target sample temperature after ramping and the sample temperature at the commencement of ramping di- 
vided by a preselected ramp rate, 

preferably said computing apparatus (20) determines said theoretical cooling power to make up said fraction 
in said current sample interval as a function of 

CPA inte,val • « SP - T sam PrH > * F • ^interval 

am Pn-1 B„) 



where Pwr equals said theoretical cooling power to be applied to make up said fraction in said current sample 
interval, CP is equal to a thermal mass of said block, SP equals said target sample temperature after ramping, 
and F is said fraction of the difference between said target temperature after ramping and said sample tem- 
perature to be made up in said current sample interval, 

more preferably said computing apparatus (20) determines a power lost to said manifolds in said current 
sample interval according to: 

manitold_toss = KA(T R -T A ) + KC(T R - T n ) + TM (dT/dt) 

where manlfoldjoss equals said power lost to said manifolds in said current sample interval, KA equals an 
end edge region-to-ambient conductance constant, T A n equals the ambient temperature at the time n. T"c n 
equals a temperature of said bias coolant at time n, KC equals a sample block-to-coolant conductance con- 
stant, TM equals the thermal mass of said manifolds and dT/dt equals said preselected ramp rate, and/or 

(B) includes an enclosure for said sample block (12) defining an enclosed ambient atmosphere and said com- 
puting apparatus (20) determines a power lost to ambient in said current sample interval according to: 

ambienUoss = K2A(T R -T. ) + K2C(T D ) + 

TM2(dT/dt) 

where ambientjoss is said power lost to said ambient in said current sample interval, K2A equals an end 
edge region-to-ambient conductance constant, T A n equals ambient temperature at time n, K2C equals an end 
edge region-to-coolant constant, T C n equals the coolant temperature at time n, TM2 equals the thermal mass 
of said enclosed ambient atmosphere, and dT/dt equals said preselected ramp rate, 

preferably said computing apparatus (20) includes valve means for opening said channels (91 - 1 07) for cooling 
said block (12) at said current sample interval, comprising means for: 

(a) means for determining that ramp direction is downward, 

(b) means for determining an intermediate power value by subtracting values for power lost to said man- 
ifolds and said ambient from said theoretical cooling power, 
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(c) means for determining a cooling breakpoint as a function of said block temperature and a temperature 
of said coolant, and 

(d) means for determining if said ramp cooling channels (100-1 07) shall be opened as a function of said 
intermediate power and said cooling breakpoint, 

preferably said cooling breakpoint is a function of the difference between said block temperature at said 
current sample interval and said temperature of said coolant fluid at said current sample interval, and 
preferably said ramp cooling channels (100- 1 07) will be open if said intermediate power is less than said 
cooling breakpoint. 

A system as claimed in claim 1 , wherein the controlling of said heating (14,1 56) and cooling (34, 40) means as a 
function of said user defined set points constitutes running said profile as a profile run, preferably 

(A) said computing apparatus (20) further comprises 

(a) means for allowing users to invoke said profile runs and/or 

(b) means for linking multiple profiles in any order to form a protocol, said protocol defining a sequence 
of said profiles to be run, wherein invoking said sequence of profiles to be run constitutes running said 
protocol as a protocol run, and/or 

(c) means for linking a single profile a plurality of times in a single protocol, and/or 

(d) means for storing a plurality of protocols, and/or 

(e) means for including any said profile in a plurality of said protocols, and/or 

(f) means for protecting a profile included in any protocol from being deleted or overwritten, and/or 

(B) said input device further comprises means for receiving a user defined cycle count for each said profile, 
said cycle count constituting the number of times said profile will be run when it is invoked, and/or 

(C) said system further comprising a means to determine that electrical power to operate said apparatus went 
off during a said run of a said profile, preferably further comprising a means to report the length of said electrical 
power outage when said electrical power is restored, even more preferably further comprising means for au- 
tomatically starting a soak upon restoration of said electrical power, said soak being at a temperature selected 
to maximize the chance of saving said samples, optionally said temperature being 4°C, and/or 

(D) said system further includes means for automatically increasing and/or decreasing the hold time of any or 
all setpoints from cycle to cycle in said cycle count, preferably wherein activation of said means for automat- 
ically increasing the hold time of any or all setpoints from cycle to cycle is selectable as a user level option via 
said input device, more preferably wherein said automatic increases in the hold time of any or all setpoints 
from cycle to cycle are by .first and/or second user defined values input via said input device and may geo- 
metrically or linearly based on said first and/or second user defined values, and/or 

(E) said system further includes means for automatically increasing and/or decreasing the setpoint temperature 
of any or ail setpoints from cycle to cycle in said cycle count, preferably wherein activation of said means for 
automatically increasing and/or decreasing the setpoint temperature of any or all setpoints from cycle to cycle 
is selectable as a user level option via said input device, more preferably said automatic increases and/or 
decreases in the setpoint temperature of any or all setpoints from cycle to cycle are by third and/or fourth user 
defined values input via said input device and may be geometrically or linearly based on said third and/or 
fourth user defined values, and/or 

(F) said system further comprises a programmed pause option means to automatically halt a run for a user 
defined period of time, preferably wherein said pause option means comprises means to halt said run after 
any or all setpoints are complete, during any or ail cycles and after any or all of the profiles in a protocol are 
run, and/or 
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(G) said system further includes means for adjusting temperature sensor readings to account for drift in analog 
circuitry, preferably said means for adjusting temperature sensor readings to account for drift in the analog 
circuitry determines said drift by: 

(a) measuring one or more test voltages under controlled conditions, 

(b) reading said voltages at the start of each run to measure electronic drift. 

16. A system as claimed in any one of claims 1 to 15, further comprising 

(a) a means to allow a user to define, via said input device, a temperature range such that said setpoint hold 
time will begin when said sample temperature is within said temperature range of said setpoint temperature, or 

(b) an input device for receiving a tube type and a reaction volume, and wherein said computing apparatus 
determines said thermal time constant for said reaction tube as a function of said tube type and said reaction 
volume. 

17. A system as claimed in any preceding claim further comprising 

(a) a means for performing diagnostic checks of said heating means (1 4, 1 56), preferably wherein said checks 
comprise one or more heater ping tests, block thermal capacity tests, ramp cooling conductance tests, sensor 
lag tests, and/or 

(b) a means for performing diagnostic checks of said cooling means (34, 40), preferably wherein said checks 
comprise one or more control cooling conductance tests, block thermal capacity tests, chiller tests, ramp cool- 
ing conductance tests, sensor lag tests, coolant capacity tests, and/or 

(c) a means for performing hardware diagnostics on user demand and/or automatically upon system startup, 
preferably wherein said hardware diagnostics include tests of one or more of a Programmable Peripheral 
Interface device, Battery RAM device, Battery RAM checksum, EPROM devices, Programmable Interface 
Timer devices, Clock/Calendar device, programmable Interrupt Controller device, Analog to Digital Section, 
RS-232 Section, Display Section, Keyboard Beeper, Ramp Cooling Values, EPROM mismatch, Firmware ver- 
sion level, Battery RAM Checksum and Initialization, Autostart Program Flag, Clear Calibration Flag, Heated 
Cover heater and control circuitry, Edge heater and control circuitry, Manifold heater and control circuitry, 
Central heater and control circuitry, Sample block thermal cutoff, Heated cover thermal cutoff. 

1 B. A system as claimed in claim 1 5, wherein said computing apparatus (20) comprises a means to display, during a run, 

(a) the approximate amount of time left in the run of a profile and/or all of the profiles left to be run in a running 
protocol, or 

(b) the sample temperature at any given time in the run. 

19. A system as claimed in claim 1, further comprising 

(A) a means for determining, for a given setpoint, a first difference between said sample temperature at the 
end of said setpoint hold time and said setpoint sample temperature of said setpoint, optionally wherein 

(a) said input device further comprises a means for receiving a user defined temperature differential, and/or 

(b) said computing apparatus (20) comprises means to report an error if said user defined temperature 
differential is greater than said first difference, and/or 

(B) means to configure the temperature the apparatus will return to during any idle state, and/or 

(C) means to check that said setpoint sample temperature is reached within a predetermined amount of time. 

20. A system as claimed in claim 15, wherein said computing apparatus maintains a history file of an immediately 
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previous run containing details of said previous run intended for integrity checks and error analysis, and/or further 
comprises 

(a) means to check that the said automatically modified setpoint sample temperature has not exceeded 100°C 
5 and/or has not gone below 0°C, and/or 

(b) a means to check that said automatically modified setpoint hold time is not negative, and/or 

(c) means for printing information stored in said system, preferably wherein said information includes at least 
10 one of: contents of a profile, contents of a protocol, listing of created profiles, listing of created protocols, 

configuration parameters, system calibration parameters. 

21 . A system as claimed in any preceding claim further comprising 

15 (a) means to continually monitor said block sensor (2 1 ) and to invoke an abort procedure if said sensor readings 

are above a maximum desirable temperature for said block by a predetermined number of degrees a prede- 
termined number of times, preferably wherein said abort procedure includes one or more of aborting the run- 
ning profile, flagging the error in a history file, displaying message alerts to a user, disabling said heaters, 

20 (b) the ability to perform all available user interface functions remotely, or 

(c) means to display a menu driven user interface to reduce user reliance on written manuals. 

22. A method for computer control of the automated performance of polymerase chain reactions in at least one sample 
25 tube (10) containing a known volume of liquid sample mixture by means of a computer-controlled thermocycler 

including a computing apparatus (20), a sample block (12) having at least one well for said at least one sample 
tube (10), a block temperature sensor (21) thermally coupled to said sample block (12), and heating (14, 156) and 
cooling (34, 40) means controlled by said computing apparatus (20) for changing the temperature of said sample 
block, comprising the steps by said computing apparatus (20) of: 

30 

(a) reading the block temperature at predetermined times, 

(b) determining the temperature of said liquid sample mixture as a function of the temperature of said sample 
block (12) over time, wherein said step of determining comprises the steps of: 

35 

(i) determining a first thermal time constant for said at least one sample tube (1 0) and said volume of liquid 
sample mixture, 

(ii) determining a second thermal time constant for said block temperature sensor (21 ), and 

40 

(iii) determining the sample temperature in a current sample interval at a current time n according to the 
formula 

45 T samp n = T samp n . 1 + ( T B n - T samp n . 1 ) * mterval/ tau 

where T samp n is equal to the sample temperature at time n s ^amp^ is equal to the sample temperature 
at an immediately preceding sample interval having occurred at time n-1 , T B n is equal to the block tem- 
perature at time n, t| ntefvaI is a time in seconds between sample intervals, and tau is said first thermal time 
so constant minus said second thermal time constant., optionally wherein said sample block (1 2) comprises 

a central region (254) containing said at least one well, an end edge region (256, 25B) in thermal contact 
with ambient and a manifold region (260, 266) thermally coupled to at least one manifold, wherein said 
heating means (1 4, 1 56) includes a zone for each of said regions, and wherein the step of controlling said 
heating means comprises the steps of: 

55 

(iv) determining a theoretical second power representing the total power to apply to said block in a current 
sample interval at a current time n without accounting for power losses, 
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(v) dividing said theoretical second power into theoretical powers, one to be applied to each of said heating 
zones, 

(vi) determining power losses by said regions in said current sample interval, and 

(vii) determining an actual third power for each of said zones in sajd current sample interval to account 
for power loss by each said zone, and optionally wherein said thermocycler additionally includes bias 
cooling constantly applied to said sample block (12), wherein said computer-controlled cooling means 
comprises selectively operable ramp cooling means for selectively delivering a cooling fluid to said sample 
block (12), and wherein the step of controlling said selectively operable ramp cooling means includes the 
steps of: 

(viii) determining that sample temperature ramp direction is downward, 

(ix) determining the temperature of said cooling fluid, 

(x) determining as a function of said sample temperature a total cooling power to apply to said block in 
said current sample interval without accounting for power losses, 

(xi) determining an intermediate cooling power by subtracting power loss to said at least one manifold and 
to ambient from said total cooling power, 

(xii) determining a cooling breakpoint as a function of the difference between the block temperature and 
the temperature of said cooling fluid in the current sample interval, and 

(xiii) selectively operating said ramp cooling means as a function of the difference between said interme- 
diate cooling power and said cooling breakpoint, and 

(c) controlling said heating (1 4, 1 56) and cooling (34, 40) means as a function of said sample temperature. 
Patentanspruche 

1. System zur Steuerung einer Vorrichtung zur automatisierten Durchfuhrung von Polymerase-Kettenreaktionen in 
wenigstens einem Probenrohrchen, das ein bekanntes Volumen eines flussigen Probengemisches enthalt, um- 
fassend: 

(a) einen Probenblock (12) mit wenigstens einer Vertiefung fur das wenigstens eine Probenrohrchen (10), 

(b) eine Rechnereinrichtung (20), 

(c) Heiz- (14, 156) und Kuhimittel (34, 40), die durch die Rechnereinrichtung (20) gesteuert werden, zum 
Andern der Temperatur des Probenblocks (1 2), und 

(d) einen mit dem Probenblock (12) thermisch gekoppelten Blocktemperatur-Sensor (21), wobei der Sensor 
an die Rechnereinrichtung (20) die Temperatur des Probenblocks (12) uber die Zeit liefert, 

wobei die Rechnereinrichtung (20) Mittel zum Bestimmen der Temperatur des flussigen Probengemisches als eine 
Funktion der Temperatur des Probenblocks (12) uber die Zeit einschlieRt, wobei die Rechnereinrichtung (20) Mittel 
zum Speichern eines oder mehrerer mit einer ersten thermischen Zeitkonstante verbundenen Werte umfasst, 
wahlweise zwischen etwa 5 und 14 Sekunden, die den Probenrohrchen (10) und dem Volumen des Probengemi- 
sches entspricht, und Speicherung fur eine zweite thermische Zeitkonstante, die dem Blocktemperatur-Sensor 
(21 ) entspricht, 

wobei vorzugsweise die Mittel zum Bestimmen der Probentemperatur als eine Funktion der Temperatur des Pro- 
benblocks (12) uber die Zeit Mittel zum Bestimmen der Probentemperatur als eine Funktion der ersten und der 
zweiten thermischen Zeitkonstante einschlieRen, 

wobei wahlweise die Rechnereinrichtung (20) die Probentemperatur in einem momentanen Probenintervall zu 
einer momentanen Zeit n wie folgt bestimmt: 
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T Prob n " T Prob n . 1 + (T B n ^Prob^) * interval /tau : 

wobei T probn der Probentemperatur zur Zeit n entspricht, T probrv1 der Probentemperatur in einem unmittelbar vor- 
hergehenden Probenintervall entspricht, das zu einer Zeit n-1 erfolgte, T Bn der Blocktemperatur zur Zeit n ent- 
spricht, t jnlerva , eine Zeit in Sekunden zwischen Probenintervallen ist, und tau die erste thermische Zeitkonstante 
minus der zweiten thermischen Zeitkonstante ist, 

wobei vorzugsweise das System ferner eine Eingabevorrichtung zum Empfangen benutzerdefinierter Sollwerte 
einschlieflt, wahlweise Probensolltemperaturen, die eine Haitezeit/Temperaturprofil definieren, wobei die Rech- 
nereinrichtung (20) Mittel zum Steuern der Heiz- (14, 156) und Kuhlmittel (34, 40) als eine Funktion der benutzer- 
definierten Sollwerte und der Probentemperatur einschlieBt. 

System nach Anspruch 1 , wobei der Probenblock (12) einen zentralen Bereich umfasst, der eine Gruppierung von 
Probenvertiefungen (66, 68) zum Halten der Probenrohrchen (10) in einer oberen Fiache enthatt, einen Endkan- 
tenbereich (256, 258), der zwei Endkanten an gegenuberliegenden Enden des Blocks umfasst, die in therrnischem 
Kontakt mit der Umgebung stehen, sowie einen Verteilerbereich (260, 262), der zwei Verteilerkanten an gegen- 
uberliegenden Seiten des Blocks umfasst wobei jede Verteilerkante mit einem Verteiler thermisch gekoppelt ist. 

System nach Anspruch 2, wobei die Heizmittel ein Heizgerat (1 56) sind, das eine zentrale Heizzone (254) aufweist, 
die mit dem zentralen Bereich thermisch gekoppelt ist, und eine Endkantenheizzone (256, 258), die mit dem Kan- 
tenbereich thermisch gekoppelt ist, und eine Verteilerheizzone (260, 262), die mit dem Verteilerbereich thermisch 
gekoppelt ist. 

System nach Anspruch 3, wobei die Rechnereinrichtung (20) eine erste auf die Heizzonen in dem momentanen 
Probenintervall anzuwendende Leistung bestimmt durch: 

(a) Bestimmen einer theoretischen zweiten Leistung, welche die Gesamtleistung, die auf den Block in dem 
momentanen Probenintervall anzuwenden ist, ohne Berucksichtigung von Leistungsverlusten darstellt, 

(b) Teilen der theoretischen zweiten Leistung in theoretische Leistungen, die auf jede einzelne Zone in dem 
momentanen Probenintervall anzuwenden sind, 

(c) Bestimmen von Leistungsverlusten durch die Bereiche in dem momentanen Probenintervall, und 

(d) Bestimmen eine tatsachlichen dritten Leistung, die auf jede einzelne Zone in der momentanen Probe an- 
zuwenden ist, wobei die dritte Leistung die Leistungsverluste durch die Bereiche beruckstchtigt. 

System nach Anspruch 4, wobei einer der benutzerdefinierten Sollwerte die Probensolltemperaturnach dem Ram- 
ping der Probentemperatur mit einer vorausgewahlten Rampenrate, und wobei die Rechnereinrichtung (20) Mittel 
zum Bestimmen der theoretischen zweiten Leistung einschlieBt, die auf all diese Zonen angewandt werden soli, 
einschlie3lich: 

(a) Mittel zum Bestimmen einer vierten Gesamtleistung fur alle Heizzonen, urn die vorausgewahlte Rampen- 
rate zu erreichen, 

(b) Mittel zum Bestimmen der Temperatur des Probenblocks in dem momentanen Probenintervall als eine 
Funktion der vierten Leistung, 

(c) Mittel zum Bestimmen der Probentemperatur in dem momentanen ProbenintervalL 

(d) Mittel zum Bestimmen eines Bruchteils der Differenz zwischen der Probensolltemperatur nach dem Ram- 
ping und der Probentemperatur in dem unmittelbar vorhergehenden Probenintervall, der in dem momentanen 
Probenintervall gebildet werden soil, und 

(e) Mittel zum Bestimmen der theoretischen zweiten Leistung, urn den Bruchteil in dem momentanen Proben- 
intervall zu bilden, 

wobei wahlweise das System auBerdem Vorkiihlung umfasst, die konstant auf den Probenblock (12) angewandt 
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wird, wobei die Rechnereinrichtung (20) Mittei zum Bestimmen einer gesamten vierten Leistung fur alle Heizzonen 
urn eine gewunschte Rampenrate zu erreichen, einschlieBt nach: 
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Leistung = CP/ramp_rate + bias , 

wobei Leistung die Gesamtleistung fur alle Heizzonen ist, um eine gewunschte Rampenrate zu erreichen CP der 
thermisch w.rksamen Masse des Blocks entspricht, bias die Kuhlleistung der Vorkuhlung ist und rampjrate die 
Differenz zwischen der Probensolltemperatur nach dem Ramping und der Probentemperatur zu Beginn des Ram- 
ping, dividiert durch eine vorausgewahlte Rampenrate, ist, 
vorzugsweise 

(I) wobei die Rechnereinrichtung (20) die Temperatur des Probenblocks (12) in dem momentanen Probenin- 
tervall bestimmt nach: 

wobei der Temperatur des Blocks zur Zeit n-1 entspricht, t lntelval die Zeil in Sekunden zwischen den 
Probenmtervallen, vorzugsweise etwa 0.2, ist, CP einer thermisch wirksamen Masse des Blocks entspricht 
und Leistung die vierte Leistung ist, und/oder 

(II) wobei die Rechnereinrichtung (20) die theoretische zweite Leistung bestimmt, um den Bruchteil in dem 
momentanen Probenintervall zu bilden, als eine Funktion von 

^interval *« sp - T Prob n . 1 »* F '^interval 

wobei Pwr der theoretischen zweiten Leistung entspricht, die anzuwenden ist, um den Bruchteil in dem momen- 
tanen Probenintervall zu bilden, CP einer thermisch wirksamen Masse des Blocks entspricht SP der Probensoll- 
temperatur nach dem Ramping entspricht, und F der Bruchteil der Differenz zwischen der Probensolltemperatur 
nach dem Ramping und der Probentemperatur ist, welche in dem momentanen Probenintervall zu bilden ist. 

6. System nach einem der vorstehenden Anspriiche, wobei das bekannte Volumen des flussigen Probengemisches 
im Bereich von etwa 20 bis 1 00 u.1 liegt. 

7. System nach Anspruch 5 oder 6, wobei die Rechnereinrichtung (20) die theoretische zweite Leistung einstellt, 

(a) um den Bruchteil in dem momentanen Probenintervall zu bilden, wenn die Probentemperatur in dem un- 
mittelbar vorhergehenden Probenintervall innerhalb eines Integralbands, vorzugsweise etwa +/- 0 5"C der 
Probensolltemperatur nach dem Ramping liegt, um einen Restfehler auszuschlieBen, Oder 

(b) um den Bruchteil in dem momentanen Probenintervall zu bilden, indem ein Leistungseinstellungsterm 
addiert wird, um die Leistung, die aufgrund physikalischer Begrenzungen in den vorhergehenden Probenin- 
tervallen nicht zugefiihrt worden ist, zu beriicksichtigen, gegeben durch: 

int_sum n = int^suav! + (SP - T Probn i ) 
pwr_adj = ki * int_sum n 

wobei pwr_adj dem Leistungseinstellungsterm entspricht, int_sum n ein Wert eines akkumulierenden integralen 
Terms zur Zert n ist, intjsunv, ein Wert des akkumulierenden integralen Terms zur Zeit n-1 ist, SP der Proben- 
solltemperatur nach dem Ramping entspricht, Tp^, der Temperatur der Probe zur Zeit n-1 entspricht und ki 
einem integralen Verstarkungsfaktor, vorzugsweise etwa 512, entspricht. 



118 



EP 0 812 621 B1 

8. System nach Anspruch 4, wobei die Rechnereinrichtung (20) die theoretische zweite Leistung in die theoretische 
Leistung teilt, die auf jede der einzelnen Zonen im Verhaltnis zu den jeweiligen Flachen der Zonen anzuwenden ist. 

9. System nach einem der Anspruche 3 bis 4, wobei die Rechnereinrichtung (20) Leistungsverluste bestimmt durch: 

5 

(a) Bestimmen der an eine Schaumstoffbeschichtung auf dem Probenblock (1 2) in dem momentanen Proben- 
intervali veriorenen Leistung, vorzugsweise 

(I) (i) Bestimmen der Temperatur der Schaumstoffbeschichtung in dem momentanen Probenintervall, 
w T Schaum< vorzugsweise nach: 

T Schaum n =T Schaum n . 1 +fr b n """"scnaum^ * interval /tau2 , 

15 wobei T Schaumn der Temperatur des Schaumstoffes zur Zeit n entspricht, T Schaumrv1 der Schaumstofftem- 

peratur zur Zeit n-1 entspricht, und tau2 die thermische Zeitkonstante der Schaumstoffbeschichtung, vor- 
zugsweise 30 Sekunden, ist, und vorzugsweise t jnterva , etwa 0.2 ist, 



20 
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(ii) Bestimmen der Blocktemperatur in dem momentanen Probenintervall, und 



(iii) Bestimmen der an die Schaumstoffbeschichtung veriorenen Leistung als eine Funktion derTemperatur 
der Schaumstoffbeschichtung in dem momentanen Probenintervall, der Temperatur des Blocks in dem 
momentanen Probenintervall und einer thermischen Zeitkonstante der Schaumstoffbeschichtung; wobei 
wahlweise die Rechnereinrichtung (20) die Temperatur des Probenblocks (12) in dem momentanen Pro- 
25 benintervall bestimmt nach: 

X =T B n ./ Leisfeng * (l interval /QP) ' 

30 wobei T Brv1 der Temperatur des Blocks zur Zeit n-1 entspricht, t interval die Zeit in Sekunden zwischen 

Probenintervallen ist, CP der thermisch wirksamen Masse des Blocks entspricht, und Leistung eine ge- 
samte vierte Leistung fur alle Heizzonen ist, urn die vorausgewahlte Rampenrate zu erreichen, 

(b) Bestimmen der an die Verteiler in dem momentanen Probenintervall veriorenen Leistung, und 

35 

(c) Bestimmen der in dem Endkantenbereich an die Umgebung in dem momentanen Probenintervall veriore- 
nen Leistung. 

10. System nach Anspruch 9 : wobei die Rechnereinrichtung (20) die an die Schaumstoffbeschichtung verlorene Lei- 
40 stung als eine Funktion der Temperatur der Schaumstoffbeschichtung bestimmt nach: 



Schaum -p*r«C*(T B " T Schaum 



). 



45 wobei Schaum - pwr die an die Schaumstoffbeschichtung zur Zeit n verlorene Leistung ist, T Schaurnn derTemperatur 

des Schaumstoffes zur Zeit n entspricht und C der thermisch wirksamen Masse der Schaumstoffbeschichtung 
entspricht. 

11 . System nach Anspruch 9 oder 1 0, das aufBerdem Mittel zum Liefern eines Vorkuhlmittels umfasst welches konstant 
so auf den Probenblock (12) angewandt wird, wobei die Rechnereinrichtung (20) die an die Verteiler in dem momen- 

tanen Probenintervall verlorene Leistung bestimmt nach: 

Verteiler Veriust = KA(T D -T A ) + KC(T R - T p - ) + TM (dT/dt), 



wobei Verteiler_Ver!ust der an die Verteiler in dem momentanen Probenintervall veriorenen Leistung entspricht, 
KA einer Endkantenbereich-zu-Umgebung-Konduktanzkonstante entspricht T An der Umgebungstemperatur zur 
Zeit n entspricht, T Cn einer Temperatur des Vorkuhlmittels zur Zeit n entspricht, KC einer Probenblock-zu-Kuhl- 
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mCT US' T "* " ■ "<">* * VMM, lur DurchklBmng von aulomMfcte-ten Pol* 

Umgebung_Veriust = K2A(T B ) + K2C (T R -T )-» 



TM2 (cfT/dt), 



^^SKEJiSTt^ ■? T 9et>Un9 ^ momentanen Probenintervall vertorenen Leistung ent- 
spncht, K2A emer Endkantenbere,ch-zu-Umgebung-Konduktanzkonstante entspricht, T A der UmqebunastemDe 
aturzurZe.t n entspricht, K2C einer Endkantenbereich-zu-Kuhlmittel-Konstante entspricht T tolfflWrnSw" 

entspricht und dT/dt der vorausgewahlten Rampenrate entspricht. 

13. System nach einem der Anspriiche 3 bis 4, wobei die Rechnereinrichtung (20) die tatsachliche Leistuna die auf 
jede e,nzelne Zone in dem momentanen Probenintervall angewendet werden sol., besttmmi nach *' 

central_pwr = pwr * cper 
Verteiler_pwr = pwr * mper + Verteiler.Vertust 
Kante_pwr= pwr * eper + Umgebung_Verlust , 

te^tZT t ri he ° retiS ? hen LeistUn 9 en,s P richt . Verteller.Verlust einer an die Verteiier in dem momentanen Pro- 

SjT Z T oben '" tefval1 vertorenen Leistung entspricht, central_pwr einer auf die zentrale Heizzone 

Z.T c * momentanen Probeninteivall anzuwendenden Leistung entspricht Kante owr 

Trf,M ^ ndka D n,en - Heiz "^ (256, 258) in dem momentanen Probenintervall anzuwendend^ Leislnq^nT 
52121?? Bruchtei, der Probenblockflache in dem zentralen Bereich entspricht, mper dem B S der 
tenberSh f, Z dem k Verteilert > erek * entspricht. und eper dem Bruchteil der Probenblockflache in S Kan 
ent rich, " ' " Wah,WeiS6 ° Per ^ °' 66 en,SpriCht ' mper 6tWa °' 2 ° ents P- ht eta £ 4 

14 ' Se m ( 9 T 9 9) LX^emrt * ** "*? ^ Pr0benb,0< * (12) mehrere rlaufende Vorkuh.ungs- 

Kanaie (91-99) enthalt, die mil mehreren quer verlaufenden RampenkQhlungskanalen (100-107) wechseln wobei 

f mer Mi« n . Ram P enk0hlun 9 sk - a '* P"") parallel zu der oberen Flache ver.au en wobei ^Te Vo in ' 
lowi. v n . nStamen PUmPen V0 " abaekah "^ KOhlmittel durch die Vorkuhlungskanale (91 9mTm, ass t 
sowm Ventile.nnchtungen, die durch die Rechnereinrichtung (20) zum selek.iven Pumpen von tolSS? 
mittel durch die Rampenkuhlungskanale (100-107) gesteuert werden abgekuhltem Kuhl- 

SJST" ReChnereinnCh,Un9 (20) eine auf - B'ook (12) anzuwendende Kuhl.el- 

wobei bevorcugter die Rechnereinrichtung (20) Mittel zum Bestimmen der Kuhlleistung umfasst, einsch.ieSlich 

Sm^rzu^ere e n n """" LeiStUn9 " ^ Bl0 <*' Um °™ 

FunS ZSZ^^^ Pr ° benb, ° CkS (12) h *" P " b °« a '* - 
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(c) Mittel zum Bestimmen der Probentemperatur in dem momentanen ProbenintervalL 

(d) Mittel zum Bestimmen eines Bruchteils der Differenz zwischen der Probensolltemperatur nach dem Ab- 
wartsramping und der Probentemperatur in dem unmittelbar vorhergehenden Probenintervall, der in dem mo- 
mentanen Probenintervall gebildet werden soli, und 

(e) Mittel zum Bestimmen der theoretischen Kuhlleistung, urn den Bruchteil in dem momentanen Probenin- 
tervall zu bilden, 

wobei das System wahlweise 

(A) zusatzlich Vorkuhlung umfasst die auf den Probenblock (12) konstant angewandt wird, wobei die Rech- 
nereinrichtung (20) Mittel zum Bestimmen einer gesamten vierten Leistungfiir alle Heizzonen einschlieBt, urn 
eine gewunschte Rampenratezu erreichen nach: 

Leistung = CP/ramp_rate + bias , 

wobei Leistung die gesamte vierte Leistung an den Block tst, urn eine gewunschte Rampenrate zu erreichen, 
CP der thermisch wirksamen Masse des Blocks entspricht, bias die Kuhlleistung der Vorkuhlung ist und 
ramp_rate die Differenz zwischen der Probensolltemperatur nach dem Ramping und der Probentemperatur 
zu Beginn des Ramping, geteilt durch eine vorausgewahlte Rampenrate ist, 

wobei vorzugsweise die Rechnereinrichtung (20) die theoretische Kuhlleistung, um den Bruchteil in dem mo- 
mentanen Probenintervall zu bilden, als eine Funktion bestimmt von 

^—•((SP.Tp^rF-tau/.,^,, 

^Prob^X). 

wobei Pwr der theoretischen Kuhlleistung entspricht, die angewandt werden soil, um den Bruchteil in dem 
momentanen Probenintervall zu bilden : CP einer thermisch wirksamen Masse des Blocks entspricht, SP der 
Probensolltemperatur nach dem Ramping entspricht, und F der Bruchteil der Differenz zwischen der Proben- 
solltemperatur nach dem Ramping und der Probentemperatur ist, welcher in dem momentanen Probenintervall 
zu bilden ist, 

wobei bevorzugter die Rechnereinrichtung (20) eine an die Verteiler in dem momentanen Probenintervall ver- 
lorene Leistung bestimmt nach: 

Verteiter.Verlust = KA(T D -T A ) + KC(T D -T^ ) + TM (dT/dt), 

wobei Verteiler_Verlust der an die Verteiler in dem momentanen Probenintervall verlorenen Leistung ent- 
spricht, KA einer Endkantenbereich-zu-Umgebung-Konduktanzkonstante entspricht, T An der Umgebungstem- 
peratur zur Zeit n entspricht, T Cn einer Temperatur des Vorkuhlmittels zurZeit n entspricht, KC einer Proben- 
block-zu-Kuhlmlttel-Konduktanzkonstante entspricht, TM der thermisch wirksamen Masse der Verteiler ent- 
spricht und dT/dt der vorausgewahlten Rampenrate entspricht, und/oder 

(B) ein Gehause fur den Probenblock (12) einschlieBt, das eine geschlossene Umgebungsatmosphare defi- 
niert, und die Rechnereinrichtung (20) eine an die Umgebung in dem momentanen Probenintervall verlorene 
Leistung bestimmt nach: 

Umgebung_Vertust = K2A (T D -T A ) + K2C (T D -T- ) + 
TM2 (dT/dt), 

wobei Umgebung_Verlust der an die Umgebung in dem momentanen Probenintervall verlorenen Leistung ent- 
spricht, K2A einer Endkantenbereich-zu-Umgebung-Konduktanzkonstante entspricht, T An der Umgebungstempe- 
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ratur zur Zeit n entspricht.. K2C einer Endkantenberelch-zu-Kuhimittel-Konstante entspricht, der Kuhimittel- 
temperaturzurZeit n entspricht, TM2 derthermisch wirksamen Masse der geschlossenen Umgebungsatmosphare 
entspricht und dT/dt der vorausgewahlten Rampenrate entspricht, 

wobei vorzugsweise die Rechnereinrichtung (20) Ventileinrichtungen zum Offnen derKanale (91-107) zum Kuhlen 
des Blocks (12) in dem momentanen Probeninterval! einschlieftt, umfassend die folgenden Mittel: 

(a) Mittel zum Bestimmen, ob die Rampe abwarts gerichtet ist, 

(b) Mittel zum Bestimmen eines Zwischenleistungswertes durch Subtraktion von Werten fur die an die Verteiler 
und die Umgebung verlorene. Leistung von der theoretischen Kuhlleistung, 

(c) Mittel zum Bestimmen eines Kuhlungshaltepunkts als eine Funktion der Blocktemperatur und einer Tem- 
peratur des Kuhlmittels, und 

(d) Mittel zum Bestimmen, ob die Rampenkuhlungskanale (1 00-1 07) geoff net werden sollen, als eine Funktion 
der Zwischenleistung und des Kuhlungshaltepunkts, 

wobei vorzugsweise der Kuhlungshaftepunkt eine Funktion der Differenz zwischen der Blocktemperatur in dem 
momentanen Probenintervall und der Temperatur der Kiihlf liissigkeit in dem momentanen Probenintervall ist, und 
wobei vorzugsweise die Rampenkuhlungskanale (100-107) dann geoffnet werden, wenn die Zwischenleistung 
geringer als der KGhlungshaltepunkt ist. 

System nach Anspruch 1 , wobei die Steuerung der Heiz- (14, 156) und Kuhlmittel (34 ; 40) als eine Funktion der 
benutzerdefinierten Sollwerte das Durchlaufen des Profils als Profildurchlauf darstellt, vorzugsweise 

(A) wobei die Rechnereinrichtung (20) femer umfasst: 

(a) Mittel, die es Benutzem erlauben, die Profildurchlaufe aufzurufen, und/oder 

(b) Mittel zum Verbinden mehrerer Profile in beliebiger Reihenfolge, urn ein Protokoll zu bilden, wobei das 
Protokoll eine Sequenz der zu durchlaufenden Profile definiert, wobei das Aufrufen der Sequenz von zu 
durchlaufenden Profilen ein Durchlaufen des Protokolls als einen Protokolldurchlauf darstellt, und/oder 

(c) Mittel zum mehrfachen Verbinden eines einzelnen Profils in einem einzelnen Protokoll, und/oder 

(d) Mittel zum Speichern einer Vielzahl von Protokoilen, und/oder 

(e) Mittel zum EinschlieBen irgendeines der Profile in einer Vielzahl der Protokolle, und/oder 

(f) Mittel zum Schutzen eines in irgendeinem Protokoll eingeschlossenen Profils davor, geloscht bder 
Oberschrieben zu werden, und/oder 

(B) wobei die Eingabevorrichtung femer Mittel zum Empfangen einer benutzerdefinierten Zykluszahl fur jedes 
Profil umfasst, wobei die Zykluszahl darstellt, wie oft das Profil, wenn es aufgerufen wird, durchlaufen wird, 
und/oder 

(C) wobei das System ferner eine Einrichtung umfasst, urn zu bestimmen, ob die elektrische Leistung, urn die 
Vorrichtung zu betreiben, wahrend eines solchen Durchlaufs eines solchen Profils ausf iel, vorzugsweise femer 
umfassend eine Einrichtung, urn die Lange des Ausfalls der efektrischen Leistung zu berichten, wenn der 
elektrische Strom wieder aufgebaut ist, bevorzugter femer umfassend Mittel zum automatischen Starten einer 
Durchwarmung nach der Wiederherstellung der elektrischen Stromzufuhr, wobei die Durchwarmung bei einer 
Temperatur stattfindet, die ausgewahlt ist, urn die Moglichkeit, die Proben zu retten, zu maximieren. wobei die 
Temperatur wahlweise 4°C betragt, und/oder 

(D) wobei das System ferner Mittel zum automatischen Erhohen und/oder Erniedrigen der Haltezeit irgendei- 
nes Oder aller Sollwerte von Zyklus zu Zyklus in der Zykluszahl einschlieRt, wobei vorzugsweise die Aktivierung 
der Mittel zum automatischen Erhohen der Haltezeit irgendeines oder aller Sollwerte von Zyklus zu Zyklus als 
eine Option auf Benutzerebene uber die Eingabevorrichtung auswahlbar ist, wobei bevorzugter die automa- 
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tischen Erhbhungen in der Haltezeit irgendeines Oder aller Sollwerte von Zyklus zu Zyklus durch erste und/ 
oder zweite benutzerdefinierte Werte uber die Eingabevorrichtung eingegeben werden und geometrisch oder 
linear auf den ersten und/oder zweiten benutzerdefinierten Werten basieren konnen, und/oder 

5 (E) wobei das System ferner Mittel zum automatischen Erhohen und/oder Erniedrigen der Sollwerttemperatur 

irgendeines oder aller Sollwerte von Zyklus zu Zyklus in der Zykluszahl einschlieBt, wobei vorzugsweise die 
Aktivierung der Mittel zum automatischen Erhohen und/oder Erniedrigen der Sollwerttemperatur irgendeines 
oder aller Sollwerte von Zyklus zu Zyklus als eine Option auf Benutzerebene uber die Eingabevorrichtung 
auswahlbar ist, wobei bevorzugter die automatischen Erhohungen und/oder Erniedrigungen in der Sollwert- 

10 temperatur irgendeines oder aller Sollwerte von Zyklus zu Zyklus durch dritte und/oder vierte benutzerdefi- 

nierte Werte uber die Eingabevorrichtung eingegeben werden und geometrisch oder linear auf den dritten 
und/oder vierten benutzerdefinierten Werten basieren konnen, und/oder 

(F) wobei das System ferner eine programmierte Haltezeitoptionseinrichtung umfasst, urn einen Durchlauf 
15 automatisch fur eine benutzerdefinierte Zeitdauer anzuhalten, wobei vorzugsweise die Haltezeitoptionsein- 

richtung Mittel umfasst zum Anhalten des Durchlaufs, und zwar, nachdem irgendeiner oder alle Sollwerte 
vollstandig sind, wahrend irgendeines oder aller Zyklen und nachdem irgendeines oder alle Profile in einem 
Protokoll durchlaufen sind, und/oder 

20 (G) wobei das System ferner Mittel zum Einstellen von Temperatursensorablesungen einschlieBt, urn das 

Abdriften in einer Analogschaltung zu berucksichtigen, wobei vorzugsweise die Mittel zum Einstellen der Tem- 
peratursensorablesungen, urn ein Abdriften in der Analogschaltung zu berucksichtigen, das Abdriften bestim- 
men durch: 

25 (a) Messen einer oder mehrerer Testspannungen unter kontrollierten Bedingungen, 

(b) Lesen der Spannungen zu Beginn jedes Durchlaufs, urn die elektronische Drift zu messen. 

16. System nach einem der Anspruche 1 bis 15, ferner umfassend: 

30 

(a) eine Einrichtung, um es einem Benutzer zu erlauben, einen Temperaturbereich uber die Eingabevorrich- 
tung derart zu definieren, dass die Sollwerthaltezeit beginnt, wenn die Probentemperatur innerhalb des Tem- 
peraturbereich s der Sollwerttemperatur liegt, oder 

35 (b) eine Eingabevorrichtung zum Aufnehmen eines Rohrchentyps und eines Reaktionsvolumens, und wobei 

die Rechnereinrichtung die thermische Zeitkonstante fur das Reaktionsrohrchen als eine Funktion des Rohr- 
chentyps und des Reaktionsvolumens bestimmt. 

17. System nach einem der vorstehenden Anspruche, ferner umfassend: 

40 

(a) eine Einrichtung zum Durchfuhren von Diagnose-Uberprufungen der Heizmittel (14, 156), wobei vorzugs- 
weise die Uberprufungen einen oder mehrere Heizgerat-Sonarimpulstests, Block-Warmekapazitatstests, 
Rampenkuhlung-Konduktanztests, Sensorverzogerungstests umfassen, und/oder 

<*5 (b) eine Einrichtung zum Durchfuhren von Diagnose-Uberprufungen der Kuhlmittel (34, 40), wobei vorzugs- 

weise die Uberprufungen einen oder mehrere Kontrollkuhlung-Konduktanztests, Block-Warmekapazitats- 
tests, Kuhlertests, Rampenkuhlung-Konduktanztests, Sensorverzogerungstests, Kuhlmittelkapazitatstests 
umfassen, und/oder 

so (c) eine Einrichtung zum Durchfuhren von Hardware- Fehlerdiagnosen auf Anforderung des Benutzers und/ 

oder automatisch beim Starten des Systems, wobei vorzugsweise die Hardware-Fehlerdiagnosen Tests einer 
programmierbaren peripheren Schnittstellen-Vorrichtung : einer Batterie-RAM-Vorrichtung, von Batte- 
rie-RAM-Kontrollzahlen, von EPROM-Vorrichtungen, von programmierbaren Schnittstellen-Zeitgeber-Vorrich- 
tungen, einer Uhr/Kalender-Vorrichtung, einer programmierbaren Unterbrechungssteuerungsvorrichtung, ei- 

55 nes Analog-zu-Digital-Abschnitts, eines RS-232-Abschnitts, eines Anzeige-Abschnitts, eines Tastatur-Tonge- 

bers, von Rampenkuhlungswerten, einer EPROM-Fehljustierung, einer Firmware-Versionsebene, von Batte- 
rie-RAM-Kontrollzahl und Initialisierung, eines Autostart- Programm-Hinweises, eines Losche-Kalibrierung- 
Hinweises, von Heizgerat und Steuerschaltung der beheizten Abdeckung, von Heizgerat und Steuerschaltung 



123 



EP 0 812 621 B1 

der Kante, von Heizgerat und Steuerschaltung des Verteilers : eines/einer zentralen Heizgerats und Steuer- 
schaltung, einer thermischen Abschaltung des Probenblocks und/oder ejner thermischen Abschaltunq der 
beheizten Abdekkung einschlief3en. 

18. System nach Anspruch 15, wobei die Rechnereinrichtung (20) eine Einrichtung zum Anzeigen 

(a) der ungefahren in dem Durchlauf eines Profils verbliebenen Zeitdauer und/oder aller der in einem Durch- 
laufsprotokoll verbliebenen zu durchlaufenden Profile, oder 

(b) der Probentemperatur zu jeder gegebenen Zeit in dem Durchlauf 
wahrend eines Durchlaufs umfasst. 

19. System nach Anspruch 1, femer umfassend: 

(A) eine Einrichtung zum Bestimmen einer ersten Differenz zwischen der Probentemperatur am Ende der 
Sollwerthaltezeit und der Sollwert- Probentemperatur des Sollwertes, fur einen gegebenen Sollwert wobei 
wahlweise 

(a) die Eingabevorrichtung femer eine Einrichtung zum Empfangen eines benutzerdefinierten Tempera- 
turdifferentials umfasst, und/oder 

(b) wobei die Rechnereinrichtung (20) Mittel umfasst, urn einen Fehler zu berichten, wenn das benutzer- 
definierte Temperaturdifferential groBer als die erste Differenz ist, und/oder 

(B) Mittel, urn die TemperaturderVorrichtungzu konfigurieren.zuwelcher die Vorrichtung wahrend irgendeines 
Leerlaufzustands zuruckkehren wird, und/oder 

(C) Mittel, urn zu prufen, ob die Sollwert- Probentemperatur innerhalb einer vorbestimmten Zeitdauer erreicht 
wird. 

20. System nach Anspruch 15, wobei die Rechnereinrichtung eine Ereignisdatei eines unmittelbar vorhergehenden 
Durchlaufs erhalt, die Details uber den vorhergehenden Durchlauf fur Integritatsprufungen und Fehleranalyse ent- 
halt und/oder femer umfasst: 

(a) Mittel.. urn zu uberprufen, ob die automatisch modifizierte Sollwert-Probentemperatur 100 °C nicht uber- 
schritten hat und/oder nicht unter 0 D C abgefallen ist, und/oder 

(b) Mittel, urn zu uberprufen, ob die automatisch modifizierte Sollwerthaltezeit nicht negativ ist, und/oder 

(c) Mittel zum Drucken der in dem System gespeicherten Informationen, wobei vorzugsweise die Informationen 
wemgstens eine derfolgenden einschlieBen: Inhalte eines Profils, Inhalte eines Protokolls, Auflistung erzeug- 
ter Profile, Auflistung erzeugter Protokolle, Konfigurationsparameter, Systemkalibrierungsparameter. 

21. System nach einem der vorstehenden Anspruche, ferner umfassend: 

(a) Mittel, urn den Blocksensor (21) kontinuierlich zu uberwachen, und, urn einen Abbruchprozess aufzurufen 
wenn sich die Sensorablesungen eine vorbestimmte Anzahl mal urn eine vorbestimmte Anzahl von Graden 
uber einer maximal erwunschten Temperatur fur den Block befinden, wobei vorzugsweise der Abbruchprozess 
das Abbrechen des Durchlaufprofils, das Markieren des Fehlers in einer Ereignisdatei, das Anzeigen von 
Meldungswamsignalen fur einen Benutzer und/oder das Abschalten der Heizgerate einschlieBt, 

(b) die Fahigkeit, alle moglichen Benutzerschnittstellenfunktionen aus der Entfernung durchzufuhren, oder 

(c) Mittel zum Anzeigen einer menubetriebenen Benutzerschnittstelle ; urn die Abhangigkeit des Benutzers 
von geschriebenen Anleitungen zu verringern. 

22. Verfahren zur R ech n erste ue rung der automatisierten Durchfuhrung von Polymerase-Kettenreaktionen in wenig- 
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stens einem Probenrohrchen (10), das ein bekanntes Volumen eines flussigen Probengemisches enthalt mrttels 
e nes reZer^euertenTheLocycler, dereine Rechnereinrichtung (20), einen Probenblock(12) m,twen.gstens 
rr£j£^£Tw«*«J eine Probenrohrchen (10), einen Blocktemperatursensor (21), der m* dem 
P^22Tl2) thermisch gekoppeit ist, und Heiz- (14, 156) und Kuhlmittel (34 40), die dun* die Rechne e ^ 
richtung (20) gesteuert werden, um die Temperatur des Probenblocks zu verandern, emschhefJt, umfassend d,e 
folgenden Schritte mittels der Rechnereinrichtung (20): 

(a) Lesen der Blocktemperaturzu vorbestimmlen Zeiten, 

(b) Bestimmen der Temperatur des flussigen Probengemisches als eine Funktior .der Temperatur des Pro- 
benblocks (12) iiber die Zeit, wobei der Schritt des Bestimmens d.e folgenden Schntte umfasst. 

(i) Bestimmen einer ersten thermischen Zeftkonstante fur das wenigstens eine Probenrohrchen (10) und 
das Volumen des flussigen Probengemisches, 

(ii) Bestimmen einer zweiten thermischen Zeitkonstante fur den Blocktemperatursensor (21 ), und 

(iii) Bestimmen der Probentemperatur in einem momentanen Probenintervall zu einer momentanen Zeit 
n nach der Formel 

Tprob^Prob^ +(T B n - T ProbJ' t lnterval' teu ' ■ 

wobei T P „ der Probentemperatur zur Zeit n entspricht, Tp^ der Probentemperatur in einem unmit- 
Tet voTergehenden Probenintervall entspricht, das zu einer Zeit n-1 erfolgte, T Bn der Blocktemperatur 
zur Zeit TentsDricht U , eine Zeit in Sekunden zwischen Probenintervallen ist, und tau d,e erste ther- 

(12) einen zentralen Bereich (254) umfasst, der wenigstens eine 

eich (256 258) in thermischem Kontakt mit der Umgebung und einen Verteilerbereich (260, 266) der mil 
wen gSs einem Verteiler thermisch gekoppe.t is,, wobei die HelzmHte. (1 Vfit^ sS 
der Bereiche einschlieRen, und wobei der Schritt der Steuerung der Heizmittel d,e folgenden Schntte 

umfasst: 

(iv) Bestimmen einer theoretischen zweiten Leistung, welche die auf den Block ^J^TTT^ 
Probenintervall zu einer momentanen Zeit n anzuwendende Gesamtle.stung ohne Berucks.chUgung von 
Leistungsverlusten darstellt, 

(v) Teilen der theoretischen zweiten Leistung in theoretische Leistungen, die jeweife an jede einzelne 
Heizzone angelegt werden sollen, 

(vi) Bestimmen von Leistungsverlusten durch die Bereiche in dem momentanen Probenintervall, und 

(vii) Bestimmen eine tatsachlichen dritten Leistung fur jede der Zonen in dem m 7. 6nta ; en P^ e "; u n lf r " r 
val um Leistungsverlust durch jede Zone zu benicksichtigen, und wobe, wahlweise der Thenmooyder 
zusatzlich Vorkuhlung einsch.ieBt, die konstant auf den Probenblock (12) j££ 
nergesteuerten Kuhlmittel selektiv betreibbare Rampenkuhlmittel zur selekbven Abgab e 

sigkei, an den Probenblock (1 2) umfassen, und wobei der Schritt des Steuems der selekt,v betre,bbaren 
Rampenkuhlmittel die folgenden Schritte umfasst: 

(viii) Bestimmen, ob die Probentemperatur-Rampe abwarts gerichtet ist, 

(ix) Bestimmen der Temperatur der Kiihlflussigkelt, 

(x) Bestimmen einer auf den Block in dem momentanen Probenintervall anzuwendenden Gesamtkuhllei- 
stung als eine Funktion der Probentemperatur, ohne Leistungsverluste zu benicks.chtigen, 

(xi) Bestimmen einer Zwischenkiihlleistung durch Subtrahieren des Leistungsverlusts an den wenigstens 
einen Verteiler und an die Umgebung von der Gesamtkiihlleistung, 
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(xii) Bestimmen eines Kuhlungshaltepunkts als eine Funktion der Differenz zwischen der Blocktemperatur 
und der Temperatur der Kiihlflussigkeit in dem momentanen Probenintervall, und CKtem P eratu ' 

(xiii) selektives Betrelben der Rampenkuhlmittel als eine Funktion der Differenz zwischen der Zwischen- 
kuhlleistung und dem Kuhlungshaltepunkt, und 

(c) Steuern der Heiz- (14, 156) und Kflhlmittel (34, 40) als eine Funktion der Probentemperatur. 



Revendicatlons 
1 



Systeme pour commander un dispositif pour I'execution automatisee de reactions en chaTne d'une polymerase 
dans au moms un tube a echantillon contenant un volume connu d'un melange liquide echantillon, comprenant . 

(b) u"; pS^SKS fig' C ° mPOrtant 3U m ° inS Un PUitS P ° Ur ' edit 3U ™™ Un ™° a (1 0), 

(c) des moyens de chauffage (14, 156) et de refroidissement (34, 40) commandes par ledrt dispositif de calcul 
(20) pour modifier la temperature dudit bloc a echantillons (12), et csposim ae calcul 

(d) un capteur de temperature (21 ) du bloc couple thermiquement audit bloc a echantillons (12) ledit caoteur 
envoyant audit dispositif de cafcul (20) la temperature dudit b.oc aux echantillons (1 2) dans le tempi 

ledit dispositif de calcul (20) comprenant des moyens pour determiner la temperature dudit melange liquide 

SoS T ' ac " tatlv , emenl entre e ™™ 5 et 1 4 secondes, correspondent auxdits tubes a echantillons 

cor H h ? J me ' an9e ' Chami " 0n ' 61 P ° Ur m§m ° riser une seconde «»»tente de temps thermique 
correspondent audit capteur de temperature (21 ) du bloc mermique 

dudit 1 c P rit r hTnn 1 leSd it?! yen ! P ° Ur d ' term,ner 13 tem P erature de ''echantillon en fonction de la temperature 
SlSenfetl h T ' ' ^ tGmPS C ° mprennent des ™V ens Pour determiner la temperature del'echan- 
tillon en fonction desdrtes premiere et seconde constantes de temps thermiques 

dan, ,! a i U f a,i T em da " $ . lequel ,edit dis P° sitif de ca,cul (2°) determine ladite temperature de I'echantillon pen- 
dant un intervalle actuel d'echantillonnage a un instant actuel n sous la forme : 

T samp n = T samp n-1 + 0~Bn - T samp n-l) * 'interval^ 3 ". 

lXr^tZ!V^l P t ra T ^ l '" Chanti " on a rinstant Il' T «n.pM designant la temperature de I'echantillon 
pendant un intervalle d echant,llonnage immediatement precedent, qui est apparu a Plnstant n-1 T B desiqnant la 

'' ins,ant desi9nant une duree en secondes entre les inMes 

euau des.gnant ladrte prem,ere constante de temps thermique moins ladite seconde constante de temps thenSi- 

tlrZtZZ!T c ^ me "T"* e " ° Utre Un diSP ° Sitif d ' 6ntree P0Ur receV0ir des P° ints de definis 
temiSf , f atNement des temperatures cibles de I'echantillon, definissant un profil temps de maintien/ 

l7l STTJ?, T rt " ^ ? J - (20> COrnPrenant d6S m ° yenS P0Ur « nder les ^ s ™^ de change 

ii!^i , ss:sr ( • 40) an fonc,ion desdits points de consisne de,inis par rutiiisa,eur « * 

co y nten m an. 8 d«n« a """f**" danS leauel ledit b,oc 3 echantillons (12) est constitue par une region centra.e 
rSnlnt /1 m SUP , eri ! Ure ' U " feSeaU dS PUitS 3 (66, 68) servant a retenirLdits tubes 

iSm^Zll 1 "h 6 ^" ^ b0rd d ' eXtremit6 (256 ' 258) C ° mprenant deux bords «***»■» situes a des 
S^rSSTJS \T TT. C ° maCt them,iqUe 9VeC ,,atmos P h -e ambiante, et une region de 
hnrHc h (2 f °' 262 > com P renant bords de collecteur situes sur des cotes opposes dudit bloc, chacun desdits 
bords de collecteur etant couple thermiquement a un collecteur. 

Sdamun^ lor 6 "??!? « ' eqUel ,eSditS m ° VenS dS ChaUffa 9 6 SOnt un dls P° si,if de chauffage (1 56) 
chauS™ r h 2 J - ChaUffa9e (254) C0UP ' ae thermi ^ a ^ a nt a ladite region centrale, et une zone de 

□e conecteur (260, 262) couplee thermiquement k ladite region de collecteur. 
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Systeme selon la revendication 3, dans lequel ledit dispositif de calcul (20) determine une premiere puissance 
devant etre appliquee auxdites zones de chauffage pendant ledit intervalle actuel d'echantillonnage, par : 

(a) determination d'une seconde puissance theorique representant la puissance totale devant etre appliquee 
audit bloc pendant ledit intervalle actuel d'echantillonnage sans tenir compte de partes de puissance, 

(b) division de ladite seconde puissance theorique en des puissances theoriques devant etre apphquees a 
chacune desdites zones individuelles pendant ledit intervalle actuel d'echantillonnage, 

(c) determination de pertes de puissance par lesdites regions pendant ledit intervalle actuel d'echantillonnage, 

(d) determination d'une troisieme puissance reelle devant etre appliquee a chacune desdites zones indivi- 
duelles pendant ledit intervalle actuel d'echantillonnage, ladite troisieme puissance tenant compte de pertes 
de puissance par lesdites regions. 

Systeme selon la revendication 4, dans lequel I'un desdits points de consigne definis par I'utilisateur est la tem- 
perature cible de I'echantillon apres une augmentation en rampe de ladite temperature de I'echantillon a ladrte 
cadence de rampe preselectionnee, et dans lequel ledit dispositif de calcul (20) comprend des moyens pour de- 
terminer ladite seconde puissance theorique devant etre appliquee & I'ensemble desdites zones, incluant : 

(a) des moyens pour determiner une quatrieme.puissance totale pour toutes les zones de chauffage pour 
obtenir ladite cadence de rampe preselectionnee ; 

(b) des moyens pour determiner ladite temperature du bloc a echantillons pendant ledit intervalle actuel 
d'echantillonnage en fonction de ladite quatrieme puissance, 

(c) des moyens pour determiner ladite temperature de I'echantillon pendant ledit intervalle actuel dechan- 
tillonnage, 

(d) des moyens pour determiner une fraction de la difference entre la temperature able de I echantillon apres 
la variation en rampe et la temperature de I'echantillon pendant ledit intervalle d'echantillonnage immed.ate- 
ment precedent, qui doit 6tre complete pendant ledit intervalle actuel d'echantillonnage, et 

(e) des moyens pour determiner ladite seconde puissance theorique pour completer ladite fraction pendant 
ledit intervalle actuel d'echantillonnage, 

facultativement ledit systeme comprend en supplement un ref roidissement constant applique en permanence 
audit bloc a echantillons (12), ledit dispositif de calcul (20) comprenant des moyens pour determiner une 
quatrieme puissance totale de toutes les zones de chauffage pour obtenir une cadence de rampe desiree 
conformement a : 

Power = CP/ramp_rate + bias 

Power etant ladite puissance totale appliquee a toutes les zones de surface pour obtenir une cadence de 
rampe desiree, CP etant egale a la masse thermique dudit bloc, bias etant la puissance de refroidissement 
dudit refroidissement constant et ramp.rate etant la difference entre la temperature cible de I'echantillon apres 
la variation en rampe et la temperature de I'echantillon au debut de la variation en rampe, divis6e par une 
cadence de rampe preselectionnee, 
de preference 

(I) ledit dispositif de calcul (20) determine ladite temperature dudit bloc & echantillons (12) pendant ledit 
intervalle actuel d'echantillonnage conformement a : 

T B n= T Bn-1 +PoWer *( t W«val/CP) 

T B , designant la temperature du bloc a I'instant n-1 , t interval designant I'intervalle de temps en secondes 
entm des intervals d'echantillonnage, de preference environ 0,2, CP designant une masse thermique 
dudit bloc et Power etant ladite quatrieme puissance, et/ou 

(II) ledit dispositif de calcul (20) determine ladite seconde puissance theorique pour completer ladrte frac- 
tion pendant ledit intervalle actuel d'echantillonnage en fonction de 



CP/t )nterval * ((SP-T^p M ) * F tauA Werval + ^ - T Bn ) 
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Pwr designant la deuxieme puissance theorique devant etre appliquee pour completer ladite traction pen- 
dant ledit intervalle actuel d'echantillonnage, CP designant une masse thermique dudit bloc SP designant 
ladite temperature cible de I'echantillon apres la variation en rampe ! et F designant ladite fraction de la 
difference entre ladite temperature cible apres la variation en rampe et ladite temperature de I'echantillon 
devant etre completee pendant ledit intervalle actuel d'echantillonnage. 

6. Systeme selon rune quelconque des revendications precedentes, dans lequel ledit volume connu du melange 
ecnantillon liquide se situe dans la gamme d'environ 20-100 microlitres. 

7. Systeme selon la revendication 5 ou la revendication 6, dans lequel ledit dispositif de calcul (20) aiuste ladite 
seconde puissance theorique, 

(a) pour completer ladite fraction pendant ledit intervalle actuel d'echantillonnage lorsque ladite temperature 
de Techantillon pendant ledit intervalle immediatement precedent d'echantillonnage se situe dans une bande 
integrate, de preference environ +/-0.5 -C, de ladite temperature cible de I'echantillon apres la variation en 
rampe, de maniere a eliminer I'erreur residuelle, ou 

(b) completer ladite fraction pendant ledit intervalle actuel d'echantillonnage en lui ajoutant un terme d'aius- 
tement de puissance, pour tenir compte de la puissance, qui, en raison de limitations physiques n'a pas ete 
dehvree pendant des intervalles precedents d'echantillonnage, fourni par : 

int_sum„ = intjsunvi + (SP - T^p n . 0 
pwr_adj = ki * int-sum„ 

pwr_adj representant ledit terme d'ajustement de puissance, int_sum, designant une valeur d'un terme integral 
d accumulation a I'mstant n, int.sum^ designant une valeur dudit terme integral d'accumulation a I'instant n- 
1 , et SP etant ladite temperature cible de I'echantillon apres la variation en rampe T etant la tempe- 

rature de I'echantillon a I'mstant n-1 et ki etant egal a une constante de gain integrale'dTpr^ference eqale 
approximativement a 512. y 

8. Systeme selon la revendication 4, dans lequel ledit dispositif de calcul (20) divise ladite seconde puissance theo- 
nque en la puissance theorique devant etre appliquee a chacune desdites zones individuelles proportionnellement 
aux etendues relatives desdites zones. 

9. Systeme selon I'une quelconque des revendications 3 a 4, dans lequel ledit dispositif de calcul (20) determine des 
pertes de puissance par : 

(a) determination de la puissance dissipee dans un gamissage en mousse situe sur ledit bloc a echantillons 
(12) pendant ledit intervalle actuel d'echantillonnage, de preference 

(I) (i) determination de la temperature dudit gamissage en mousse pendant ledit intervalle actuel d'echan- 
tillonnage, T foam , de preference conformdment a : 

T foam n = T foam n-1 + ( T bn * T foam n-1 ) * t interval /tau2 

^"foam n representant la temperature de la mousse a I'instant n, T foam rv1 representant la temperature de 
la mousse a I'instant n-1 , et tau2 etant ladite constante de temps thermique dudit gamissage en mousse 
de preference approximativement 30 secondes, et des preference ti nterval etant egal approximativement 

a 0, 2. 

(ii) determination de la temperature du bloc pendant ledit intervalle actuel d'echantillonnage et 
(hi) determination de la puissance dissipee dans le revetement de mousse en fonction de ladite tempe- 
rature dudit gamissage en mousse pendant ledit intervalle actuel d'echantillonnage, de ladite temperature 
dudit bloc pendant ledit intervalle actuel d'echantillonnage, et d'une constante de temps thermique dudit 
gamissage en mousse ; dans lequel facultativement ledit dispositif de calcul (20) determine ladite tem- 
perature dudit bloc a echantillons (12) pendant ledit intervalle actuel d'echantillonnage conformement a • 
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+ Power '(Wrva/CP) 

T B n^designant la temperature du bloc a I'instant n-1 , t interva , etant la duree en secondes entre des inter- 
5 valles d'echantillonnage, CP designant la masse thermique dudit bloc et Power designant une quatrieme 

puissance totale de I'ensemble des zones de chauffage pour I'obtention de ladlte cadence de rampe pre- 
s6lectlonn6e, 

(b) determination de la puissance dissipee dans lesdits collecteurs pendant ledit intervalle actuel d'echan- 
10 tillonnage, et 

(c) determination de la puissance dissipee dans ladite region de bord d'extremite dans I'atmosphere ambiante 
pendant ledit intervalle actuel d'echantillonnage. 

10. Systeme selon la revendication 9, dans lequel ledit dispositif de calcul (20) determine la puissance dissipee dans 
15 ledit garnissage en mousse en tonction de ladite temperature dudit garnissage en mousse conformement a 

foam-pwr=C*0 _ B n- T foamn) 

20 foam-pwr etant ladite puissance dissipee dans ledit garnissage en mousse a I'instant n, T foamn designant la tem- 

perature de la mousse a I'instant n, et C designant la masse thermique du garnissage en mousse. 

11. Systeme selon la revendication 9 ou la revendication 10, comportant en supplement des moyens pour delivrer un 
fluide de refroidissement constant applique en permanence audit bloc a echanttllons (12), dans lequel ledit dispo- 

25 sitif de calcul (20) determine la puissance dissipee dans lesdits collecteurs pendant ledit intervalle actuel d'echan- 

tillonnage, conformement a : 

manifold_loss= KA (T Bn - T An ) + KC (T Bn - T^) + TM (dT/dt) 

,30 

manifold Joss designant la puissance dissipee dans lesdits collecteurs pendant ledit intervalle actuel d'echantillon- 
nage, KA designant une constante de conductance region de bord d'extremite-vers-l'atmosphere ambiante, T A n 
designant la temperature ambiante a I'instant n, T Cn designant une temperature dudit agent de refroidissement 
constant a I'instant n : KC designant une constante de conductance du bloc a echantillons-vers-Pagent de refroi- 
35 dissement, TM designant la masse thermique desdits collecteurs et dT/dt £tant 6gal a ladite cadence de rampe 

preselectionnee. 

12. Systeme selon I'une quelconque des revendications 9 a 11 , dans lequel ledit dispositif pour effectuer des reactions 
automatisees en chaine d'une polymerase inclut une enceinte pour ledit bloc a echantillons (12) definissant une 

AO atmosphere ambiante renfermee, et ledit dispositif de calcul (20) determine la puissance dissipee dans I'atmos- 

phere ambiante pendant ledit intervalle actuel d'echantillonnage conformement a 

ambientjoss = K2A (T B n T A n ) + K2C (T B n - T c n ) + TM2 (dT/dt) 

45 

ambient-loss designant ladite puissance dissipee dans ('atmosphere ambiante pendant ledit intervalle actuel 
d'echantillonnage, K2A designant une constante de conductance region de bord d'extremite-vers-l'atmosphere 
ambiante ? T An designant la temperature ambiante a I'instant n, K2C designant une constante de conductance 
region de d'extremite-vers-l* agent de refroidissement, T c n designant la temperature de I'agent de refroidissement 
so a I'instant n ; TM2 etant la masse thermique de ladite atmosphere ambiante renfermee et dT/dt representant ladite 

cadence de rampe preselectionnee. 

13. Systeme selon I'une quelconque des revendications 3 a 4, dans lequel ledit dispositif de calcul (20) determine 
ladite puissance reelle devant etre appliquee a chacune desdites zones individuelles pendant ledit intervalle actuel 

55 d'echantillonnage conformement a 

centraLpwr = pwr * cper 
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manifold_pwr = pwr * mper + man if old Joss 



edge_pwr = pwr * eper + arnbientjoss 

pwr designant ladite puissance theorique, manif oldjoss designant une puissance dissipee dans lesdits collecteurs 
pendant ledit intervalle actuel d'echantillonnage, arnbientjoss designant une puissance dissipee dans ladite re- 
gion de bord en direction de ladite atmosphere ambiante pendant ledit intervalle actuel d'echantillonnage, 
centraLpwr designant une puissance devant etre appliquee a la zone centrale de chauffage (254) pendant ledit 
intervalle actuel d'echantillonnage, manifold_pwr designant une puissance devant etre appliquee a ladite zone de 
chauffage des collecteurs (260, 262) pendant ledit intervalle d'echantillonnage, edgejDwr designant une puissance 
devant etre appliquee a ladite zone de chauffage du bord d'extremite (256, 258) pendant ledit intervalle actuel 
d'echantillonnage, cper designant une fraction de la surface du bloc a echantillons dans ladite region centrale, 
mper designant la fraction de la surface du bloc a echantillons dans ladite region des collecteurs, et eper designant 
une fraction de la surface du bloc a echantillons dans ladite region de bord, facuitativement dans laquelle cper est 
egal approximativement a 0,66, mper etant egal a 0,20 et eper etant egal approximativement a 0,14. 

14. Systeme selon Tune quelconque des revendications 2 a 4, dans lequel ledit bloc a echantillons (12) contient de 
multiples canaux transversaux de refroidissement constant (91 - 99) alternant avec de multiples canaux transver- 
saux de refroidissement salon une variation en rampe (100 - 107) : lesdits canaux de refroidissement constant et 
de refroidissement selon une variation en rampe (91 - 1 07) etant parallele a ladite surface superieure, ledit dispositif 
comprenant en outre des moyens pour pomper en permanence un agent de refroidissement refroidi dans lesdits 
canaux de refroidissement constant (91 - 99) : et des moyens formant soupape commandes par ledit dispositif de 
calcul (20) pour pomper de facon selective de I'agent de refroidissement refroidi a travers lesdits canaux de re- 
froidissement selon une variation en rampe (100 - 107), 

de preference ledit dispositif de calcul (20) determine une puissance de refroidissement theorique devant etre 
appliquee audit bloc (12), 

de facon plus preferentielle ledit dispositif de calcul (20) comprend des moyens pour determiner ladite puissance 
de refroidissement, incluant : 

(a) des moyens pour determiner une cinquieme puissance totale appliquee audit bloc pour obtenir une cadence 
de rampe descendante desiree, 

(b) des moyens pour determiner ladite temperature du bloc a echantillons (12) pendant ledit intervalle actuel 
d'echantillonnage en fonction de ladite cinquieme puissance, 

(c) des moyens pour determiner ladite temperature de I'echantillon pendant ledit intervalle actuel d'echan- 
tillonnage, 

(d) des moyens pour determiner une fraction de la difference entre la temperature cible de I'echantillon apres 
ia diminution en rampe et la temperature de I'echantillon pendant ledit intervalle immediatement precedent 
d'echantillonnage, fraction qui doit etre completee pendant ledit intervalle actuel d'echantillonnage, et 

(e) des moyens pour determiner ladite puissance de refroidissement theorique pour completer ladite fraction 
pendant ledit intervalle actuel d'echantillonnage, facuitativement ledit systeme 

(A) comprenant en supplement un refroidissement constant qui est applique en permanence audit bloc a 
echantillons (12), ledit dispositif de calcul (20) comprenant des moyens pour determiner une quatrieme 
puissance totale appliquee a toutes les zones de chauffage pour obtenir une cadence de rampe desiree 
conformement a : 



Power = CP/ramp_rate + bias 

Power etant ladite quatrieme puissance totale appliquee audit bloc pour obtenir une cadence de rampe 
desiree, CP designant la masse thermique dudit bloc, bias etant la puissance de refroidissement dudit 
refroidissement constant et ramp_rate etant la difference entre la temperature cible de I'echantillon apres 
la variation en rampe et la temperature de I'echantillon au debut de ia variation en rampe, divisee par une 
cadence de rampe preselectionnee, 

ledit dispositif de calcul (20) determinant de preference ladite puissance de refroidissement theorique 
pour completer ladite fraction pendant ledit intervalle actuel d'echantillonnage en fonction de 
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^interval * (( SP - T samp n-1 ) * F * taU/t interval + T samp n-1 " T Bn) 

Pwr designant ladite puissance de refroidissement theorique devant etre appliquee pour completer ladite 
5 fraction pendant ledit intervalle actuel d'echantillonnage, CP designant une masse thermique dudit bloc, 

SP designant ladite temperature cible de I'echantillon apres la variation en rampe, et F designant ladite 
fraction de la difference entre ladite temperature cibie apres la variation en rampe et ladite temperature 
de i'echantillon, fraction qui doit etre completee pendant ledit intervalle actuel d'echantillonnage, 
de facon plus pref erentielle ledit dispositif de calcul (20) determinant une puissance dissipee dans lesdits 
10 collecteurs pendant ledit intervalle actuel d'echantillonnage, conformement a : 

c 

manifold Joss = KA (T B n - T A n ) + KC (T B n - T c n ) + TM (dT/dt) 

15 manifoidjoss designant ladite puissance dissipee dans lesdits collecteurs pendant ledit intervalle actuei 

d'echantillonnage, KA designant une constante de conductance region de bord d'extremite-vers-l'atmos- 
phere ambiante, T An etant la temperature ambiante a r instant n, T Cn etant une temperature dudit agent 
de refroidissement constant a I'instant n, KC designant une constante de conductance bloc a echantillons- 
vers-l'agent de refroidissement, TM etant egal a la masse thermique desdits collecteurs et dT/dt etant 

20 egal a ladite cadence de rampe preselectionnee, et/ou 

(B) inclut une enceinte pour ledit bloc a echantilions (12), definissant une atmosphere ambiante renfermee, 
et ledit dispositif de calcul (20) determinant une puissance dissipee dans I'atmosphere ambiante pendant 
ledit intervalle actuel d'echantillonnage conformement a : 



25 
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ambientjoss = K2A (T B n -T An ) + K2C (T B n - T c n ) + TM2 (dT /dt) 



ambientjoss designant ladite puissance dissipee dans I'atmosphere ambiante pendant ledit intervalle 
actuel d'echantillonnage, K2A designant une constante de conductance region de bord d'extremite-vers- 
30 I'atmosphere ambiante, T An designant la temperature ambiante a I'instant n 5 K2C designant une constante 

region de bord d'extremite-vers-l'agent de refroidissement, T Cn designant la temperature de I'agent de 
refroidissement a I'instant n : TM2 designant la masse thermique de I'atmosphere ambiante renfermee et 
dT/dt etant egal a ladite cadence de rampe preselectionnee, 

de preference ledit dispositif de calcul (20) comprenant des moyens formant soupapes pour ouvnr les 
35 canaux (91 - 207) de maniere a refroidir ledit bloc (12) pendant ledit intervalle actuel d'echantillonnage, 

comprenant : 

(a) des moyens pour determiner que la direction de la variation en rampe est descendants 

(b) des moyens pour determiner une valeur de puissance intermediate par soustraction de valeurs 
relatives a la puissance dissipee dans lesdits collecteurs et dans ladite atmosphere ambiante a partir 
de ladite puissance de refroidissement theorique, 

(c) des moyens pour determiner un point d' interruption de refroidissement en fonction de la tempe- 
rature dudit bloc et d'une temperature dudit agent de refroidissement, 

(d) des moyens pour determiner si lesdits canaux de refroidissement (100- 107) selon une variation 
en rampe doivent etre ouverts en fonction de ladite puissance intermediaire et dudit point d'interruption 
de refroidissement, 

de preference ledit point d'interruption de refroidissement est fonction de la difference entre ladite 
temperature du bloc pendant ledit intervalle actuel d'echantillonnage et ladite temperature duditfluide 
de refroidissement pendant ledit intervalle actuel d'echantillonnage, et de preference lesdits canaux 
de refroidissement selon une variation en rampe (1 00 - 1 07) s'ouvrent si ladite puissance intermediaire 
est inferieure audit point d'interruption de refroidissement. 

15. Systeme selon la revendication 1 , dans lequel la commande desdits moyens de chauffage (1 4, 156) et de refroi- 
dissement (34, 40) en fonction desdits points de consigne definis par I'utilisateur consiste a mettre en oeuvre ledit 
profil en tant qu'execution du suivi de profil, et de preference 

(A) ledit dispositif de calcul (20) comprend en outre : 
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(a) des moyens pour permettre aux utilisateurs d'appeler lesdites executions de suivi de profil et/ou 

(b) des moyens pour relier de multiples profils dans n'importe quel ordre pour former un protocole ledit 
protocole definissant une sequence desdits profils a suivre, I'appel de ladite sequence de profils a suivre 
consistant a suivre ledrt protocole en tant qu'execution de suivi de protocole, et/ou 

(c) des moyens pour relier un seul profil une pluralite de fois dans un seul protocole, eVou 
d) des moyens pour memoriser une pluralite de protocoles et/ou 

(e) des moyens pourinclure n'importe lequel desdits profils dans une pluralite desdits protocoles, et/ou 

(f) des moyens pour empecher la suppression d'un profil inclus dans un protocole quelconque ou une 
ecriture en surinscription sur ce profil, et/ou 

(B) ledit dispositif d'entree comporte en outre des moyens pour recevoir un nombre de cycles defini par I'uti- 
hsateur pour chacun desdits profils, ledit nombre de cycles constituant le nombre de fois ou ledrt profil est 
suivi lorsqu'il est appele, et/ou 

(C) ledit systeme comprenant en outre des moyens pour determiner que la puissance electrique pour faire 
fonctionner ledit dispositif a ete interrompue pendant I'une desdites executions de suivi d'un desdits profils 
et de preference comprenant en outre des moyens pour signaler la duree de ladite panne d'alimentation elec- 
tnque lorsque ladite alimentation electrique est retablie, et comprenant de facon encore plus preferentielle 
des moyens pour faire demarrer automatiquement un chauffage lors du retablissement de ladite alimentation 
electrique, ledit chauffage s'effectuant a une temperature selectionnee pour obtenir la chance maximale de 
sauvegarder lesdits echantillons : facultativement ladite temperature etant de 4 °C : et/ou 

(D) ledit systeme comprend en outre des moyens pour augmenter et/ou reduire automatiquement la duree de 
maintien de n'importe quel point de consigne ou de tous ies points de consigne d'un cycle a un autre dans 
ledit nombre de cycles., de preference dans lequel I'activation desdits moyens pour augmenter automatique- 
ment la duree de maintien de n'importe quel point de consigne ou de tous Ies points de consigne d'un cycle 
suivant pouvant etre selectionnee en tant qu'option de niveau d'utilisateur par I'intermediaire dudit dispositif 
d'entree, et de facon plus preferentielle lesdits accroissements automatiques du temps de maintien de n'im- 
porte quel point de consigne ou de tous Ies points de consigne d'un cycle a I'autre etant des premiere eVou 
seconde valeurs definies par I'utilisateur introduites par I'intermediaire dudit dispositif d'entree, et pouvant etre 
basees geometriquement ou lineairement sur desdites premiere et/ou seconde valeurs definies par I'utilisateur 
et/ou 

(E) ledit systeme comprend en outre des moyens pour augmenter et/ou reduire automatiquement la tempe- 
rature de consigne de n'importe quel point de consigne ou de tous Ies points de consigne d'un cycle au suivant ' 
dans ledit nombre de cycles, de preference dans lequel I'activation desdits moyens d'augmentation et/ou de 
reduction automatique de la temperature de consigne de n'importe quel point de consigne ou de tous Ies 
points de consigne d'un cycle a I'autre pouvant etre selectionnee en tant qu'option du niveau d'utilisateur par 
I'intermediaire dudit dispositif d'entree, et de facon plus preferentielle lesdites augmentations et/ou reductions 
automatiques de la temperature de n'importe quel point de consigne ou de tous Ies points de consigne d'un 
cycle a I'autre etant obtenues au moyen de troisieme et/ou quatrieme valeurs definies par I'utilisateur intro- 
duites par I'intermediaire dudit dispositif d'entree, et pouvant etre basees geometriquement ou lineairement 
sur lesdites troisieme et/ou quatrieme valeurs definies par I'utilisateur, et/ou 

(F) ledit systeme comporte en outre des moyens d'option de pause programmes pour automatiquement arreter 
une execution pendant un intervalle de temps defini par I'utilisateur, de preference lesdits moyens d'option de 
pause comprenant des. moyens pour arreter ladite execution apres qu'un quelconque des points de consigne 
est atteint ou que tous Ies points de consigne sont atteints, pendant n'importe quel cycle ou pendant tous Ies 
cycles et apres qu'un profil quelconque ou que tous Ies profils d'un protocole sont executes, et/ou 

(G) ledit systeme comporte en outre des moyens pour regler Ies indications du capteur de temperature pour 
tenir compte d'une derive dans le circuit analogique, de preference lesdits moyens de reglage des indications 
du capteur de temperature pour tenir compte de la derive dans le circuit analogique determinant ladite derive 
par : 

(a) mesure d'une ou plusieurs tensions de test dans des conditions controlees, 

(b) lecture desdites tensions au debut de chaque execution pour mesurer la derive electronique. 

16. Systeme selon I'une quelconque des revendications 1 a 15, comprenant en outre : 

(a) des moyens pour permettre a un utifisateur de definir, par I'intermediaire du dispositif d'entree, une gamme 
de temperatures telle que ledit intervalle de maintien du point de consigne commence lorsque ladite tempe- 
rature de I'echantillon se situe dans ladite gamme de temperature incluant ladite temperature de consigne, ou 



132 



EP 0 812 621 B1 

(b) un dispositif d'entree pour recevoir un type de tube et un volume de reaction, et dans lequel ledit dispositif 
de calcul determine ladite constante de temps thermique pour ledit tube a reaction en fonction dudit type de 
tube et dudit volume de reaction. 

5 17. Systeme salon Tune quelconque des revendications precedentes, comprenant en outre 

(a) des moyens pour effectuer des controles diagnostiques desdits moyens de chauffage (14, 156), de pre- 
ference lesdits controles comprenant un ou plusieurs tests de serpentins de chauffage, tests de la capacite 
thermique du bloc ; tests de conductance pour la refroidissement selon une variation en rampe, tests de retard 

10 de transmission des capteurs, et/ou 

(b) des moyens pour effectuer des controles diagnostiques desdits moyens de refroidissement (34, 40), de 
preference lesdits controles comprenant un ou plusieurs tests de conductance de refroidissement de com- 
mande tests de capacite thermique de bloc, tests de refroidissement brusque, tests de conductance de re- 
froidissement selon une variation en rampe, tests de retard de transmission de capteurs, tests'de capacite de 

15 I'agent de refroidissement, et/ou 

(c) des moyens pour effectuer des diagnostics materiels sur la demande de I'utilisateur et/ou de facon auto- 
matique lors du demarrage du systeme, de preference lesdits diagnostics materiels incluant des tests d'un ou 
de plusieurs des elements suivants : un dispositif d'interface peripherique programmable, un dispositif de 
memoire RAM a pile, un total de controle de memoire RAM. a pile, des dispositifs EPROM, des dispositifs de 

20 minuterie d'interface programmables, un dispositif horloge/calendrier, un dispositif de commande d'mterrup- 

tions programmable, une section analogique/ numerique, une section RS-232, une section d'affichage, un 
bipeur de clavier des valeurs de refroidissement selon une variation en rampe, un defaut de concordance 
dans EPROM, un niveau de la version a microprogrammation, le total de controle et ('initialisation de la memoire 
RAM a pile le drapeau de programme de demarrage automatique, le drapeau d'effacement d'etalonnage : le 

25 dispositif de chauffage du capot chauffe et son circuit de commande, le dispositif de chauffage du bord et son 

circuit de commande, le dispositif de chauffage des collecteurs et son circuit de commande, le dispositif central 
de chauffage et son circuit de commande, la coupure thermique du bloc a echantillons, la coupure thermique 
du capot chauffe. 

30 18. Systeme selon la revendication 15, dans lequel ledit dispositif de calcul (20) comporte des moyens pour afficher, 
pendant une execution, 

(a) Tintervalle de temps approximatif qui subsiste dans I'execution de suivi d'un profil et/ou de tous les profils 
restant a executer dans un protocole d'execution, ou 
35 (b) la temperature de I'echantillon a un instant donne quelconque au cours de I'execution. 

19. Systeme selon la revendication 1 , comprenant en outre : 

(A) des moyens pour determiner, pour un point de consigne donne, une premiere difference entre ladite tem- 
40 perature de I'echantillon a la fin dudit temps de maintien du point de consigne et la temperature de consigne 

de I'echantillon pour ledit point de consigne, et dans lesquels facultativement, 

(a) ledit dispositif d'entree comprenant en outre des moyens pour recevoir une difference de temperature 
definie par I'utilisateur et/ou 

45 (b) ledit dispositif de calcul (20) comprend des moyens pour signaler une erreur si ladite difference de 

temperature definie par I'utilisateur est superieure a ladite premiere difference, et/ou 

(B) des moyens pour determiner la temperature a laquelle le dispositif revient pendant un etat de marche a 

vide quelconque : et/ou • 
so (C) des moyens pour verifier que ladite temperature de consigne de I'echantillon est atteinte dans les Umites 

d'un intervalle de temps predetermine. 

20. Systeme selon la revendication 15, dans lequel le dispositif de calcul maintient un fichier d'historique d'une exe- 
cution immediatement precedente, contenant des details de ladite execution precedente utilises pour des controles 

55 d'integrite et une analyse d'erreurs et/ou comporte en outre 

(a) des moyens pour verifier que ladite temperature de consigne de I'echantillon, modifiee de facon automa- 
tique, n*a pas depasse 100 °C et/ou n'est pas tombee au-dessous de 0 °C, et/ou 
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(b) des moyens pour verifier que ladite duree, modifiee automatiquement, de maintien du point de consiqne 
n'est pas negative, et/ou * 

(c) des moyens pour imprimer une information memorisee dans (edit systeme, de preference ladite information 
comprenant au moins run des contenus suivants : contenu d'un profit, contenu d'un protocole, listage de profils 
crees, listage de protocoles crees, parametres de configuration, parametres d'etalonnage du systeme. 

21. Systeme selon Tune quelconque des revendications precedentes, comprenant en outre: 

(a) des moyens pour controler continument iedit capteur du bloc (21) et pour appeler une procedure d'arret 
si lesdites indications du capteur sont superieures a une temperature maximale desirable pour Iedit bloc, et 
ce d'un nombre predetermine de degres et un nombre predetermine de fois, et de preference ladite procedure 
d'arret comprenant un ou plusieurs des elements suivants : arret du profil en cours d'execution, marquage de 
I'erreur par un drapeau dans un fichier d'historique, affichage divertissements donnes a unutilisateur par- 
message, arret desdits dispositifs de chauffage, 

(b) la possibility d'executer a distance toute les fonctions disponibles d'interface de liaison avec I'utilisateur ou 

(c) des moyens pour afficher une interface d'utilisateur commandee par un menu, pour reduire la consultation 
par I'utilisateur dans des manuels ecrits. 

22. Precede pour la commande par ordinateur de ^execution automatisee de reactions en chaTne de polymerase dans 
au moms un tube a echantillon (10) contenant un volume connu d'un melange liquide echantillon au moyen d'un 
dispositrf de commande thermique cyclique, commande par ordinateur, incluant un dispositif de calcul (20) un 
bloc a echantillons (12) possedant au moins un puits pour Iedit au moins un tube a echantillon (10), un capteur 
de la temperature du bloc (21) couple thermiquement audit bloc a echantillons (12) et des moyens de chauffage 
(14, 156) et de refroidissement (34, 40) commandes par Iedit dispositif de calcul (20) pour modifier la temperature 
dudit bloc a echantillons, comprenant les etapes mises en oeuvre par Iedit dispositif de calcul (20) et consistant a : 

(a) lire la temperature du bloc a des instants predetermines, 

(b) determiner la temperature dudit melange echantillon liquide en fonction de la temperature dudit bloc a 
echantillons (12) dans le temps, ladite etape de determination comprenant les etapes consistant a : 

(i) determiner une premiere constante de temps thermique pour Iedit au moins un tube a echantillon (10) 
et Iedit volume du melange echantillon liquide : 

(ii) determiner une seconde constante de temps thermique pour Iedit capteur de la temperature de bloc 
(21) : et 

(iii) determiner la temperature de I'echantillon pendant un intervalle actuel d'echantillonnage a un instant 
actuel n conformernent a la formule 



T samp n - T samp n-1 + 0~B n " T samp n-1 ) * t intervat /tau 



T sam P n designant la temperature de I'echantillon a I'instant n T samp n . 1 designant la temperature de I'echan- 
tillon pendant un intervalle d'echantillonnage immediatement precedent, qui est apparu a I'instant n-1 
designant la temperature du bloc a I'instant n, t jnterva| designant une duree en secondes entre des 
intervalles d'echantillonnage, et tau designant ladite premiere constante de temps thermique moins ladite 
seconde constante de temps thermique, Iedit bloc a echantillons (12) comprenant facultativement une 
region centraie (254) contenant (edit au moins un puits, une region de bord d'extremite (256. 25B) en 
contact thermique avec I'atmosphere ambiante et une region de collecteur (260, 266) couplee thermique- 
ment a au moins un collecteur, lesdits moyens de chauffage (14, 156) comprenant une zone pourchacune 
desdites regions, et I'etape de commande desdits moyens de chauffage comprenant les etapes consistant 

(tv) determiner une deuxieme puissance theorique representant la puissance totale devant etre appliquee 
audit bloc pendant un intervalle actuel d'echantillonnage a un instant actuel n en prenant compte des 
pertes de puissance, 

(v) diviser ladite seconde puissance theorique en puissances theoriques dont une doit etre appliquee a 
chacune desdites zones de chauffage, 

(vi) determiner des pertes de puissance produites par lesdites regions, pendant Iedit intervalle actuel 
d'echantillonnage, et 

(vii) determiner une troisieme puissance reeile pourchacune desdites zones pendant Iedit intervalle actuel 
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d'echantillonnage pour tenir compte d'une perte de puissance produite par chacune desdites zones, ledit 
dispositif de commande thermique cyclique comprenant en outre facultativement un ret roidissement cons- 
tant applique en permanence audit bloc a echantillons (12), lesdits moyens de refroidissement comman- 
des par ordinateur comprenant des moyens de refroidissement selon une variation en rampe, pouvant 
agir de facon selective pour delivrer selectivement un fluide de refroidissement audit bloc a echantillons 
(12) : et I'etape de commande desdits moyens de refroidissement selon une variation en rampe, pouvant 
etre actionnes de facon selective, incluant les etapes consistant a : 

(viii) determiner que la direction de la variation en rampe de la temperature d'echantillon est une direction 
descendante, 

(ix) d6terminer la temperature dudit fluide de refroidissement, 

(x) determiner en fonction de ladite temperature de Pechantillon une puissance de refroidissement devant 
etre appliquee audit bloc pendant ledit intervalle actuel d'echantillonnage sans tenir compte de pertes de 
puissance, 

(xi) determiner une puissance de refroidissement intermediaire en soustrayant la perte de puissance ap- 
pliquee audit au moins un collecteur et a I'atmosphere ambiante, de la puissance totale de refroidissement, 

(xii) determiner un point ^interruption du refroidissement en fonction de la difference entre la temperature 
du bloc et la temperature dudit fluide de refroidissement pendant I'intervalle actuel d'echantillonnage, et 

(xiii) faire fonctionner selectivement lesdits moyens de refroidissement selon une variation en rampe en 
fonction de la difference entre ladite puissance de refroidissement intermediaire et ledit point d'interruption 
de refroidissement, et 

(c) commander lesdits moyens de chauffage (14, 156) et de refroidissement (34, 40) en fonction de ladite 
temperature de I'echantilion 
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